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Figure 5
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Figure 6
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1
SUBSTITUTED MALONAMIDES AND THEIR
USE AS ANTIBACTERIAL DRUGS

CROSS-REFERENCES TO RELATED
APPLICATIONS

This patent application is a U.S. National Stage Applica-
tion of PCT/CN2016/094855 filed on Aug. 12, 2016 and
claims the benefit of priority from U.S. Provisional Appli-
cation Ser. No. 62/206,251 filed on Aug. 17, 2015, the
contents of each of which is incorporated herein by refer-
ence in their entirety.

BACKGROUND OF THE INVENTION
Technical Field

The disclosure relates to malonamide derivatives and their
use as antibacterial drugs.

Description of Related Art

Staphylococcus aureus, a Gram-positive bacterium, is
frequently found on the skin, skin glands and mucous
membranes of humans and can cause a variety of illnesses,
from minor skin infection, cellulitis and abscesses to life-
threatening bacteraemia, pneumonia, endocarditis and
osteomyelitis. Due to its strong pathogenicity, S. aureus has
always been the leading causative agent of hospital- and
community-acquired infections in developed countries. In
the USA, it is estimated that the number of deaths caused by
S. aureus infection is greater than the sum of those from
HIV, viral hepatitis, TB and influenza. Initially, infection
with S. aureus could be effectively treated with b-lactam
antibiotics. However, the emergence of b-lactam-resistant S.
aureus strains, including MRSA, was reported in the 1950s
and soon became endemic in many hospitals worldwide. In
addition to b-lactam antibiotics, S. aureus has developed
resistance to several other classes of antibiotics, including
aminoglycosides, macrolides, lincosamides, chlorampheni-
col, sulphonamides, streptomycin and tetracycline. More-
over, strains of S. aureus resistant to second-line antibiotics,
including linezolid, daptomycin and vancomycin, have also
been reported in the past few years. The capability of S.
aureus to resist multiple antibiotics has rendered its treat-
ment difficult, leading to longer hospitalizations and higher
mortality in patients. Thus, development of new antibacte-
rial agents against S. aureus, especially strains resistant to
multiple antibiotics, has become an urgent public health
need.

The discovery of penicillin and streptomycin opened the
golden era of antibiotics, which were mainly identified from
substances produced by microorganisms living in soil. How-
ever, due to the widespread prevalence of antibiotic-resistant
bacteria and the drop in new antibiotics identified from
natural products, other sources of new antibacterial agents
are being investigated. One such alternative source is
through exploitation of the antibacterial activities of a group
of drugs called ‘non-antibiotics’. Non-antibiotics are drugs,
usually synthetic, that were originally invented and used for
the therapy of non-infectious diseases, but were subse-
quently discovered to possess certain antimicrobial activi-
ties. For example, statins, a class of cholesterol synthesis
inhibitors, were shown to suppress the virulence of S. aureus
by inducing the antimicrobial activity of phagocytes.
Another example is the phenothiazines, a group of antipsy-
chotic agents, which have been shown to exhibit activity
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against a variety of bacteria. Moreover, a recent clinical
study demonstrated that thioridazine, one of the phenothi-
azines, can act synergistically with antibiotics to eradicate
TB from patients infected with XDR Mycobacterium tuber-
culosis. Thus, non-antibiotic drugs represent a promising
source for the discovery and development of novel antibac-
terial agents.

New malonamide derivatives were discovered to possess
suppressive effects on the growth of S. aureus, and S.
epidermidis. Our efforts have led to the identification of a
novel agent that exhibit high anti-MRSA potency without
acute cytotoxicity against human cells.

BRIEF SUMMARY OF THE INVENTION

The following presents a simplified summary of the
disclosure in order to provide a basic understanding to the
reader. This summary is not an extensive overview of the
disclosure and it does not identify key/critical elements of
the present invention or delineate the scope of the present
invention. Its sole purpose is to present some concepts
disclosed herein in a simplified form as a prelude to the more
detailed description that is presented later.

In one aspect, the present invention is directed to a
substituted malonamide having a chemical structure (I):

@

O (@]
R, Ry,
~ N N 7
H H
R;
wherein R; is
R4
Rs Rg
Re
Ry

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;
R, is

Ryo

Ry

Rp2

C,_s alkyl, C, ; alkenyl, or C;_, cycloalkyl;

R; is selected from C; cycloalkyl, C, ¢ alkenyl, or C,
halogenoalkyl;

R, Rs, Ry, R, Rg, Rg, Ry, Ryy, Ry, and Ry are
independently selected from hydrogen, C1-5 alkyl, C2-6
alkenyl, halogen, trihalogenomethyl, nitro, hydroxyl, triha-
logenomethoxy, or pentafluorosulfanyl.
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In yet another aspect, the present invention is directed to
pharmaceutical composition comprising: an effective
amount of a compound having a chemical structure (I):

@

O O
R, Ry,
~ N N -
H H
R;
wherein R, is
Ry
Rs Rs
R¢
Ry

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;
R, is

Ry

Rig

Ry,

Rz

C, s alkyl, C, ; alkenyl, or C;_, cycloalkyl;

R; is selected from C; cycloalkyl, C, 4 alkenyl, or C,
halogenoalkyl;

R4s RSs R6s R7s RSs R95 RlOs Rlls Rlzs and R13 are
independently selected from hydrogen, C, s alkyl, C, ¢ alk-
enyl, halogen, trihalogenomethyl, nitro, hydroxyl, trihalog-
enomethoxy, or pentafluorosulfanyl.

In yet another aspect, the present invention directs to a
method of inhibiting a bacterial cell growth, comprising:
contacting the bacterial cell with an effective amount of a
compound having a chemical structure (I):

@

Ry,

=z
=z

Rz
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wherein R, is
Ry
Rs Rg
R
R;

C,_s alkyl, C, ; alkenyl, or C;_, cycloalkyl;
R, is

Rio

Ry

Rpz

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;

R, is selected from C; cycloalkyl, C, s alkenyl, or C,
halogenoalkyl;

R4s RSs R6s R7s RS: R95 RlOs Rlls Rlzs and R13 are
independently selected from hydrogen, C, 5 alkyl, C, ¢ alk-
enyl, halogen, trihalogenomethyl, nitro, hydroxyl, trihalog-
enomethoxy, or pentafluorosulfanyl, or an effective amount
of' a compound having a chemical structure (IV):

av)

Ris Rag

Ry

Roa,

Ras

wherein Ry, Rys. Ry, Rz, Ryg. Ry, Roo, Ry Ros, and Ry;
are independently selected from hydrogen, halogen, or tri-
halogenomethyl.

In yet another aspect, the present invention directs to a
method of synthesizing the substituted malonamide of the
present invention, comprising: (a) reacting a compound
having chemical structure (II) with a first substituted amine

R,—NH, to obtain a compound having chemical structure
[,

an

al L,

R3
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-continued
(1)
Ry
Rs
O O

N ClL.

R¢ N ,

R

(b) the compound having chemical structure (III) further
reacts with a second substituted amine R,—NH, to obtain
the substituted malonamide of the present invention,
wherein R, is

Ry
Rs Rg
R
R;
C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;
R, is
Ro
Ri3 Rig
Ryp,
Rpz

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;

R; is selected from C; cycloalkyl, C, 4 alkenyl, or C,
halogenoalkyl;

R, Rs, Rg, Ry, Rg, Ry, Ry, Ryj, Ry, and R are
independently selected from C, s alkyl, C, , alkenyl, halo-
gen, trihalogenomethyl, nitro, hydroxyl, trihalogenom-
ethoxy, or pentafluorosulfanyl.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1. Time-kill kinetics of SC78 and SC5005. The
viability of S. aureus NCTC 8325 was assayed after expo-
sure to OxMIC (control) (filled inverted triangles), 2xMIC
(filled circles), 4xMIC (filled squares) and 8xMIC (filled
triangles) of ampicillin (upper left panel; MIC=0.25 mg/L),
chloramphenicol (upper right panel; MIC=4 mg/L.), SC78
(lower left panel; MIC=0.25 mg/L.) and SC5005 (lower right
panel; MIC=0.5 mg/L)) for 2, 4, 8 and 24 h in CAMHB.
Numbers of viable bacteria in the broth after each exposure
period were enumerated by CFU assay and the results
expressed as CFU/mL. Points indicate means and bars
indicate SD (n=3); the bars cannot be seen because the SD
of each point is very small. The broken horizontal line
represents 99.9% cell killing. AMP, ampicillin; CHL,
chloramphenicol; Ctl, control.
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FIG. 2. SC5005 protects C. elegans from S. aureus
infection. Effect of SC78 and SC5005 on the survival of
MSSA- or MRSA-infected C. elegans was assessed. The
glp-4(bn2) C. elegans were fed on E. coli (OP50), MSSA
(ATCC 29213) or MRSA (ATCC 33592) followed by expos-
ing to SC78 or SC5005 at concentrations of 2-, 4-, 8-folds
of respective MIC in S-medium. The survival of worms was
monitored daily till the end of the study. The survival of
animals fed with £. coli (OP50) and receiving DMSO only

was served as a control to show the normal life-span of C.
elegans.
FIG. 3. Intraperitoneal administration of SCS5005

improves the survival of MRS A-infected mice. (A) Effect of
intraperitoneal administration of SC5005 on the survival of
MRSA-infected mice. Female C5,BL/6 mice were inocu-
lated intraperitoneally with 5x10* CFU of MRSA (ATCC
33592). Infected mice received intraperitoneal injection of 1
mg/kg (filled inverted triangles), 3 mg/kg (filled triangles)
and 10 mg/kg (filled squares) SC5005 or vehicle (mock)
(filled circles) once per day for three consecutive days.
Survival rates, as represented by Kaplan-Meier curves, are
shown for the mock and SC5005 treatment groups. *P<0.05,
for the difference between treated groups and the control
group. (B) Body weight changes in individual vehicle or
SC5005-treated MRS A-infected mice. Each line represents
an individual mouse. The black lines indicate mice that
survived until the end of the study and the grey lines indicate
mice that were euthanized during the study.

FIG. 4. Resistance of S. aureus NCTC 8325 to SC78,
SC5005 and seven common antibiotics. S. aureus NCTC
8325 were cultured in CAMHB with test agents at escalating
concentrations in wells of a 96 well-plate. After 24 hours
incubation at 37° C., bacteria from the sub-MIC well were
1:1000 diluted in fresh CAMHB with test agents at esca-
lating concentrations for another 24 hours. To select for
strains resistant to (A) seven antibiotics, (B) SC78 or
SC5005, the experiment was repeated for 30 days and 200
days, respectively. Data was presented as fold change in the
MIC compared to that at initial.

FIG. 5. Effect of SC5005 and SC5035 on the biosynthesis
of macromolecules in S. aureus. The biosynthesis of mac-
romolecules in S. aureus was assayed by measuring the
incorporation of 3H-thymidine (DNA), 3H-uridine (RNA),
3H-leucine (protein), and 3H—N-acetylglucosamine (cell
wall) into bacteria cells treated with 4xMIC of SC5005 (2
mg/L), SC5035 (1 mg/LL) for 1 h. Meanwhile, ofloxacin (1
mg/L), rifampicin (1 mg/L), erythromycin (2 mg/L), and
vancomycin (2 mg/lL) were used as control inhibitors for the
biosynthesis of DNA, RNA, protein and cell wall, respec-
tively. Data are means of three independent experiments.
Error bars represent the SD.

FIG. 6. Intracellular ATP leakage of S. aureus treated with
SC5005, SC35035 and antibiotics. S. aureus NCTC 8325
were treated with SC5005, SC5035 and antibiotics at 4xMIC
against S. aureus for 15 min followed by measuring the
intracellular ATP level with ATPlite one-step kit. Data was
presented as percentage of intracellular ATP level to that of
untreated bacteria cells (considered as 100%). Bars repre-
sent the mean, and error bars represent the SD (n=3). ***:
p-value <0.001

FIG. 7. Membrane integrity of S. aureus after SC5005,
SC5035 and five common antibiotics treatment. S. aureus
NCTC 8325 were treated with 10% Triton X-100, or 4xMIC
of test agents against S. aureus for 15 minutes followed by
chromosome staining with LIVE/DEAD Baclight kit. SYTO
9, a green fluorescence dye, stains chromosome of all
bacteria cells, regardless of the membrane integrity. In
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contrast, propidium iodide (PI), a red fluorescence dye, only
stains cell with damaged membrane. Thus, bacteria cell with
intact membrane can only be stained by SYTO 9, and cell
with perforated membrane will be stained by both fluores-
cence dyes, showing a yellow color in merged images.

FIG. 8. Transmission electron microscopy image of S.
aureus after SC5005 treatment. S. aureus NCTC 8325 was
treated with (A) mock or (B) SC5005 for 15 min followed
by glutaraldehyde (2.5%) fixation and osimium tetraoxide
(1%) staining. The membrane integrity was then observed
with transmission electron microscopy at 100,000x magni-
fication. The outer black ring marked with CW represents
cell wall, and the inner black ring marked with CM repre-
sents cell membrane. The arrow points the pore formed in S.
aureus cell membrane.

FIG. 9. Hemolytic activities of SC5005 and SC5035 on
human red blood cell. Human red blood cells were incubated
with SC5005 (A) and SC5035 (B) for 1 h followed by
measuring the absorption of RBC released hemoglobin at
540 nm with microplate reader. Cell treated with 1% triton
X-100 serves as positive control (P.C.; 100% hemolysis),
and those treated with normal saline serves as negative
control (N.C.) Bars represent the mean, and error bars
represent the SD (n=3).

FIG. 10. Membrane integrity of human cells treated with
SC5005 and SC5035. Human HT-29 cells were treated with
SC5005 and SC5035 for 1 hour followed by the evaluation
of membrane integrity with LDH release assay. LDH
released from HT-29 cells into culture medium was assessed
by using CytoTox 96 NonRadioactive Cytotoxicity Assay.
Cell treated with 1% triton X-100 serves as positive control
(100% release). Bars represent the mean, and error bars
represent the SD (n=3).

DETAILED DESCRIPTION OF THE
INVENTION

In the following detailed description, for purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing.

The following abbreviations are used: CDCl;, deuterated
chloroform; DMSO-d6, dimethyl sulfoxide-d6; i-PrOH, iso-
propyl alcohol; EtOAc, ethyl acetate; DMF, N,N-dimethyl-
formamide; MeOH, methanol; THF, tetrahydrofuran; EtOH,
ethanol; DMSO, dimethyl sulfoxide; DIPEA, diisopropyl-
ethylamine; DCM, dichloromethane.

The invention provides a substituted malonamide having
a chemical structure (I):

@

~ Ry,

Tz
Tz

R3
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wherein R, is

R4
Rs Rg
R

Ry

C,_s alkyl, C, ; alkenyl, or C;_, cycloalkyl;

R, is
Ro
Rys Ryo
R,
Rp2

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;

R, is selected from C; cycloalkyl, C, s alkenyl, or C,
halogenoalkyl;

R, Rs, Ry, R, Rg, Rg, Ry, Ryy, Ry, and Ry are
independently selected from hydrogen, C, 5 alkyl, C, ¢ alk-
enyl, halogen, trihalogenomethyl, nitro, hydroxyl, trihalog-
enomethoxy, or pentafiuorosulfanyl. In a preferred embodi-
ment, R, and R, are independently selected from

SO

Cl
XCE CF3,
@\ NO,
%ij\ CF;3,

Cl

b
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-continued
X@io}[, X@\OH,
OH, NO,,

o
hes

CF;

OH, CFs,

N
o

o

SFs5;

R; is selected from

N

In a preferred embodiment, R,, R,, and R, are hydropho-
bic group.

§

)

The invention also provides a pharmaceutical composi-
tion comprising: an effective amount of a compound having
a chemical structure (I):

@

O O
R, Ry,
~ N N P

H H

R;
wherein R, is

R4

Rs Rg

Re

Ry

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;
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R, is
Ro
Rz Rio
R,
Rpz

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;

R; is selected from C; cycloalkyl, C, ¢ alkenyl, or C,
halogenoalkyl;

R4 Rs, Re Ry Ry Roo Ry, Ry, Ryp, and Ry; are
independently selected from hydrogen, C, 5 alkyl, C, ¢ alk-
enyl, halogen, trihalogenomethyl, nitro, hydroxyl, trihalog-
enomethoxy, or pentafluorosulfanyl; and a pharmaceutically
acceptable carrier. In a preferred embodiment, R,, and R, are
independently selected from

2

@\ NO,,
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-continued R, is
CF;
ClL R
5
Rz Rio
OH, CF3,
Ry,
10
OCF;, or SFs; Rpz

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;
15 R; is selected from C; cycloalkyl, C, ¢ alkenyl, or C,
halogenoalkyl;

R4 Rs, Re Ry Ry Roo Ry, Ry, Ryp, and Ry; are
independently selected from hydrogen, C, 5 alkyl, C, ¢ alk-
enyl, halogen, trihalogenomethyl, nitro, hydroxyl, trihalog-

20 .
enomethoxy, or pentafluorosulfanyl, or an effective amount

of' a compound having a chemical structure (IV):
Da \ > or CL

25 avy

is selected from

In another preferred embodiment, the compound having a
chemical structure (I) is: Rys Ry Ry Ryy

. PR

W)
Cl ClL
D\ O | /<I N -
FsC N N CFs.
H H
Cl

35 wherein R 4, Ry5, Ryg, Ry, Ryg, Ry, Rog, Ryp, Ry, and Ry
are independently selected from hydrogen, halogen, or tri-
halogenomethyl.

In a preferred embodiment, R, and R, are independently

selected from
40

The invention also provides a method of inhibiting a

bacterial cell growth, comprising: contacting the bacterial , , P
cell with an effective amount of a compound having a }LLL/\/\
chemical structure (I):

45
ey

~ AR 50

R cl cl
wherein R, is 55 CF3, ,
Ry
Rs Rg , ,
60 Cl
R
Ry
65 NO,, ,

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;

Tz
Tz
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-continued

Cl
XO\CR, X@\cl,
NO,,
X@CH
CF3,

XO/OCFs, Or XQ/ N

R; is selected from

> ?i/\ o ?i/\a.

In another preferred embodiment, the compound having a
chemical structure (1) is:

cl cl
j@\ I I /Qi
FsC N N CFs.
i1 i1
Cl

Nt
o

V)

In another preferred embodiment, the compound having a
chemical structure (IV) is:

VD

CFs.
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In a preferred embodiment, the bacterial cell is cell of
human pathogenic bacteria. The term “human pathogenic
bacteria” means that the bacteria are pathogenic to humans.
In another preferred embodiment, the human pathogenic
bacteria are selected from the group consisting of Staphy-
lococcus aureus, S. haemolyticus, S. hominis, S. intermedius,
S. saprophyticus, S. lugdunesis, Erysipelothrix rhusio-
pathiae, Enterococcus faecalis, Enterococcus faecium,
VR-E. faecium, Bacillus cereus, Bacillus subtilis, Coryne-
bacterium diphtheriae, Listeria monocytogenes, Streptococ-
cus pyogenes, Clostridium difficile, Escherichia coli, Sal-
monella  Typhimurium, Acinetobacter baumannii, and
Mycobacterium tuberculosis.

In another preferred embodiment, the bacteria above are
a Staphylococcus aureus strains ATCC 12598, ATCC 29213,
NCTC 8325, methicillin-resistant Staphylococcus aureus
(MRSA) strains ATCC 33592, ATCC 49476, a clinically
isolated MRSA strain carrying SCCmec V,,*° one hundred
clinically isolated MRSA strains, a vanA-mediated vanco-
mycin-resistant  Staphylococcus aureus (VRSA) strain
(SJC1200), and a clinical isolated vancomycin-intermediate
Staphylococcus aureus (VISA) strain, S. epidermidis strains
ATCC 35984 and ATCC 12228, S. haemolyticus strain
ATCC 29970, S. hominis strain ATCC 27844, S. intermedius
strain ATCC 29663, S. saprophyticus strain ATCC 15305, a
clinically isolated S. [lugdunesis, Enterococcus faecalis
ATCC 19433, Enterococcus faecium ATCC 35667, Entero-
coccus faecium ATCC 19434, Bacillus cereus ATCC 11778,
Bacillus subtilis BCRC 10255, Corynebacterium diphtheria
ATCC 11913, Listeria monocytogenes ATCC 19113, Ery-
sipelothrix rhusiopathiae ATCC 19414, Streptococcus pyo-
genes ATCC 19615, Escherichia coli ATCC 25922, Salmo-
nella Typhimurium ATCC 14028, Acinetobacter baumannii
BCRC 80276, a clinically isolated S. lugdunesis, and Van-
comycin-Resistant Enterococcus faecium (VR-E).

The invention further provides a method of synthesizing
the substituted malonamide of the present invention, com-
prising: reacting a compound having chemical structure (II)
with a first substituted amine R,—NH, to obtain a com-
pound having chemical structure (II1),

an

(@] O
cl cl,
R;
am
R4
Rs
O O
N cl,
Re H
R;

(b) the compound having chemical structure (III) further
reacts with a second substituted amine R,—NH, to obtain
the substituted malonamide of the present invention,
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wherein R, is
Ry
Rs Rg
R¢
R;

C, s alkyl, C, ; alkenyl, or C;_, cycloalkyl;
R, is

Ry

Rip

Rpp

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;

R; is selected from C, cycloalkyl, C,  alkenyl, benzyl, or
C,_s halogenoalkyl;

R4, Rs, Rg, R, Rg, Ro, Ryp, Ryy, Ry, and Ry 5 are
independently selected from C, s alkyl, C, , alkenyl, halo-
gen, trihalogenomethyl, nitro, hydroxyl, trihalogenom-
ethoxy, or pentafluorosulfanyl.

In a preferred embodiment, R, and R, are independently

selected from
e S

Cl
XCE CF3
X©\ NO,

2

CF;

Xija
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-continued
ClL

CFs3 CF;3

s

> >

X©\ OH
oH NO,
/\{Q/ /\{C(c&

CF

OH

R

3
Cl
XCEOH CF;
OCF3 SFs
XQ/ L |
R, is selected from
D, ></\, or CL

In yet another preferred embodiment, the present inven-
tion provides a method of synthesizing the substituted
malonamide having the chemical structure (I). The method
comprises the following steps. First, cyclopropane-1,1-di-
carboxylic acid reacts with thionyl chloride to generate
cyclopropane-1,1-dicarbonyl dichloride

(1 cn,

2-allylmalonyl dichloride

(1 cn,
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2-benzylmalonyl dichloride

and 2-(2-chloroethyl)malony! dichloride

1 cl.

Second, cyclopropane-1,1-dicarbonyl dichloride or 2-(2-
chloroethyl)malonyl dichloride reacts with 2 equivalence of
substituted amines to form the chemical structure (I),
wherein the two substituted phenyl amines having the two

substituted phenyl group of,

cl
X@i CF,
XO\Q
NO, @v
cl
CF3 X@\CB

ol X©\OH
OH NO,
X@i CF;

5

=

Y

@&
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-continued
pOCFS X©/

In yet another method, the compound of the cyclopropane-
1,1-dicarbonyl dichloride or 2-(2-chloroethyl)malonyl
dichloride reacts with the first substituted phenyl amine to
form the compound of the chemical structure

0 0 0 0
Ry or Ry),
«cl N~ c N~
H H
Cl

wherein the first substituted phenyl amine having a second
substituted phenyl group of

N8

XO\CR, X@\cl,
OH, NO,,
)g@/ XCKCR
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-continued -continued
ClL

3
Cl

5

OH, CF3, CF3 CF;
OCF;, or SFs;

10
OH OH
OH NO,

The result products further reacts with a second phenyl L
amine, wherein the second substituted phenyl amine having CF;3
a second substituted phenyl group of, , ,

20

O
AL O
A

30
EXAMPLES

Synthesis of Malonamide Derivatives

Synthesis Scheme I
(¢] (¢]

0 0
I
RNH, R R,
S —_— B — e ~ -~
a”” a cl €l "THF, pyridine N N

0O (0] (0] (0]
RNH, R ~ R
—_——
a a THF, pyridine g g
Cl Cl
(0] (0]
SOCIZ RNHZ Ri_ R
N N
yrldlne H H
THF

R3
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In the synthesis scheme I above, R, and R, can be the
same or different substituted phenyl group. The R, and R,

can be
X@iCFs

%3}

20

25

22

-continued
SFs

The general synthesis procedure of the pyrimidine deriva-
tives is described as follow.

A solution of cyclopropane-1,1-dicarboxylic acid (1.0
mmol) and thionyl chloride (4 equilibrant) was heat for 16
hours. The resulting mixture was evaporated in rotavapor
pump. The intermediate product was dissolve in THF and
react with substituted-aniline. After the reaction was com-
pleted, the reaction mixture was washed with water,
extracted with EtOAc, and the organic layer was dried over
MgSO,. After removal of MgSO, by filtration and evapo-
ration of solvents, the crude residue was purified by chro-
matography on a silica gel column (silica gel columns 60,
0.063-0.200 mm or 0.040-0.063 mm, Merck; basic silica
gel) using Fthyl actate/Hexane as eluent (33% to 45%) to
give compounds (yield: 20-45%) below.

Embodiment 1: Synthesis of Di-Substituted SC5005

[

OH . .
Derivatives
OH 30
? ? O (@]
Cl
NO, R,NH, RoNH,
Cl Cl o .
35 pyridine pyridine
THF THF
CF; OH R3
CF3
O O
OCF; 40
R, R
\N N/
H H
R;
Compound No R;
SC5020 Cl ClL D
X(:[CE X©icﬁ
h X@\ X@\ D
XO ; [
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-continued
Compound No R, R, R;

SC5023 }{\/a
><©\CF3 ><©\CF3

SC5024 %@/0@3 X©/OCF3 }{\/Gl

SC5025 cl cl }{\/Gl

5C5026 X@\ }{\/Cl
A XQ\

5C5027 /IH{\/CI
@\Cl XO\CI

SC5028 }{\/a
><©\NOZ ><©\NOZ

5C5029 /—LH{\/CI
X@iﬁ X(I)H

SC5030 al cl }{\/a
XQ:OH )%@:OH

SC5031 /’%7{\/0

5C5032 CF, CF; }{\/

O
3]
by
0O
51
)
@

24
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Compound No

Ry

Ry

SC5033

SC5034

SC5035

SC5036

SC5037

SC5038

SC5039

SC5040

SC5041

SFs

@]

O
les]
)

R
b

0O
51
)

@]

O
les]
by

¥
5

55
12

5
5%

G
(i ded(

@) Z
o
W

i
v

@]

@]

@]

@]
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@]
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Compound No

Ry

R, R,

SC5045

SC5046

SC5047

SC5048

SC5049

SC5050

SC5051

SC5052

SC5053

5755

O
les]
by

@]

k%

&

CF;

&

XCEZ; o
o a0
SO X0

Nol s

Mo e
O e

ST 0
SO

O X
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The spectral data of the above compounds are listed
below.

Cl Cl

5

CF;

Tz
Tz

10

N,N'-bis(4-chloro-3-(trifluoromethyl)phenyl)cyclo-
propane-1,1-dicarboxamide (5020)

'"H NMR (400 MHz, MeOD-d,) 3 8.12 (d, ]=2.8 Hz, 2H),
7.78 (dd, 1=8.4, 2.8 Hz, 2H), 7.51 (d, J=8.4 Hz, 2H), 1.63 (s,
4H) ppm. >C NMR (100 MHz, MeOD-d,,) 8 171.0, 138.9,
132.9, 129.2 (q, J=31.1 Hz), 127.5, 126.2, 124.1 (q, J=270.7
Hz), 120.8 (q, J=5.6 Hz), 31.8, 17.6 ppm. HRMS calculated
for C,oH, ,CLLF;N,O,(M-H)™: 483.0096. Found: 483.0102.

PSS\
RN

N,N'-bis(3-ethynylphenyl)cyclopropane-1,1-dicar-
boxamide (5021)

15

20

30

'"H NMR (400 MHz, MeOD-d,) 8 7.75 (s, 2H), 7.53 (d,
J=8.0 Hz, 2H), 7.30 (t, J=8.0 Hz, 2H), 7.22 (d, J=8.0 Hz,
2H), 3.48 (s, 2H), 1.62 (s, 4H) ppm. HRMS calculated for
C,H,(N,O, (M-H)™: 327.1128. Found: 327.1131.

@g&p

2-(2-chloroethyl)-N* N>-diphenylmalonamide
(5022)

45

50

'H NMR (400 MHz, MeOD-d,,) 8 7.58 (d, 1=8.0 Hz, 4H),
7.32 (1, J=8.0 Hz, 4H), 7.12 (t, ]=7.2 Hz, 2H), 3.75 (t, I=7.2
Hz, 1H), 3.69 (t, J=6.4 Hz, 2H), 2.48 (q, J=6.4 Hz, 2H) ppm.
HRMS calculated for C, H,,CIN,O,(M-H)™: 315.0895.
Found: 315.0906. >

FsC

Tz
Tz

CF;3

Cl 65

30
2-(2-chloroethyl)-N* ,N>-bis(3-(trifluoromethyl)phe-
nyl)malonamide (5023)

'H NMR (400 MHz, MeOD-d,) 8 8.05 (s, 2H), 7.80 (d,
J=8.0 Hz, 2H), 7.51 (t, J=8.0 Hz, 2H), 7.40 (d, J=8.0 Hz,
2H), 3.82 (t, J=7.2 Hz, 1H), 3.70 (t, J=6.8 Hz, 2H), 2.51 (q,
J=6.8 Hz, 2H) ppm. *C NMR (100 MHz, MeOD-d,) &
169.4, 140.3, 132.1 (q, J=32.0 Hz), 130.7, 125.4 (q, ]=269.9
Hz), 124.5, 121.8 (d, J=3.6 Hz), 117.7 (d, J=3.9 Hz), 54.0,
43.2, 342 ppm. HRMS calculated for C, H,CIF.N,O,
(M-H)™: 451.0643. Found: 451.0658.

F5CO OCF;

Tz
Tz

Cl

2-(2-chloroethyl)-N* N>-bis(4-(trifluoromethoxy)
phenyl)malonamide (5024)

'"H NMR (400 MHz, MeOD-d,)) 8 7.68 (d, J=8.8 Hz, 4H),
7.22 (d, J=8.8 Hz, 4H), 3.79 (t, J=7.2 Hz, 1H), 3.68 (t, I=6.4
Hz, 2H), 2.48 (q, J=6.4 Hz, 2H) ppm. '*C NMR (100 MHz,
MeOD-d,) & 169.2, 146.6, 138.4, 122.7, 122.6, 121.93 (q,
J=253.6 Hz), 53.9, 43.2, 343 ppm. HRMS calculated for
C,oH, ;CIF N,O,(M-H)™: 483.0541. Found: 483.0534.

Cl Cl

Cl Cl

Tz
Tz

Cl

2-(2-chloroethyl)-N* ,N>-bis(3,5-dichlorophenyl)
malonamide (5025)

'H NMR (400 MHz, MeOD-d,) 8 7.65 (s, 4H), 7.17 (s,
2H), 3.76 (t, J=7.2 Hz, 1H), 3.68 (t, J=6.4 Hz, 2H), 2.46 (q,
J=6.4 Hz, 2H) ppm. >C NMR (100 MHz, DMSO-dy)
167.1, 140.9, 134.1, 122.9, 117.6, 52.4, 42.9, 31.6 ppm.
HRMS calculated for Cl,.H,;CIsN,O, (M-H)™: 450.9336.

5 Found: 450.9354.

Cl
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2-(2-chloroethyl)-N* ,N>-bis(3-ethynylphenyl)malo- 2-(2-chloroethyl)-N*,N>-bis(3-hydroxy-4-methyl-
namide (5026) phenyl)malonamide (5029)
"H NMR (400 MHz, MeOD-d,) & 7.75 (s, 2H), 7.58 (d, "H NMR (400 MHz, MeOD-d,) 8 7.15 (d, 1=2.0 Hz, 2H),

J=7.6 Hz, 2H), 7.30 (t, I=7.6 Hz, 2H), 7.21 (d, I=7.6 Hz, ° 7.01(d,J=8.0 Hz, 2H), 6.84 (dd, J=8.0, 2.0 Hz, 2H), 3.74 (t.
2H), 3.76 (t, J=7.6 Hz, 1), 3.68 (t, 1-6.8 Hz, 21), 3.48 (s, ~ 1~7/-6 Hz, 2H), 2.87 (t, I=7.6 Hz, 2H), 2.14 (s, 6H) ppm.
2H), 2.47 (q, J=6.8 Hz, 2H) ppm. '*C NMR (100 MHz,

MeOD-d,) 8 169.2, 139.5, 130.0, 129.0, 124.6, 124.2, 121.8, o o
84.0, 78.8, 53.9, 43.2, 34.2 ppm. HRMS calculated for ,, I} I}

C,,H,,CIN,O,(M-H)": 363.0895. Found: 363.0892.

HO N N OH
H H
(€] (€]
15
al N N cl a
H H
o 20 N*' N°-bis(4-chloro-3-hydroxyphenyl)-2-(2-chloro-
ethyl)malonamide (5030)
'"H NMR (400 MHz, MeOD-d,) 8 7.41 (s, 2H), 7.21 (d,
2-(2-chloroethyl)-N* N>-bis(3-chlorophenyl )malona- J=8.8 Hz, 2H), 6.93 (d, J=8.8 Hz, 2H), 3.72-3.65 (m, 3H),
i 25 2.44 (q, I=6.8 Hz, 2H) ppm.
mide (5027) 9 > pp
'H NMR (400 MHz, MeOD-d,) 8 7.77 (s, 2H), 7.45 (d,
J=8.4 Hz, 2H), 7.29 (t, J=8.4 Hz, 2H), 7.11 (d, ]=8.4 Hz, O O
2H), 3.76 (t, J=7.2 Hz, 1H), 3.68 (t, J=6.8 Hz, 2H), 2.47 (q, 30
J=6.8 Hz, 2H) ppm. '*C NMR (100 MHz, MeOD-d,) & HO N N OH

169.2, 140.8, 135.4, 131.1, 125.4, 121.2, 119.4, 54.0, 43.2,
34.2 ppm. HRMS calculated for C, H,CI;N,O, (M-H)™:
383.0115. Found: 383.0114.

35 Cl
H
o™ o
| / 2-(2-chloroethyl)-N* N>-bis(3-hydroxyphenyl)malo-
O,N N N NO, 40 namide (5031)
'H NMR (400 MHz, MeOD-d,) 8 7.18 (s, 2H), 7.11 (1,
J=8.0 Hz, 2H), 6.96 (d, J=8.0 Hz, 2H), 6.55 (d, J=8.0 Hz,
Cl 2H), 3.72-3.65 (m, 3H), 2.45 (q, J=6.8 Hz, 2H) ppm.
45
CF; CF;
2-(2-chloroethyl)-N* ,N>-bis(3-nitrophenyl)malona-
3 H
mide (5028) o~ No
50 |
'H NMR (400 MHz, MeOD-d,) 8 8.63 (s, 2H), 8.02 (t, P
1=8.0 Hz, 4H), 7.60 (t, 1=8.0 Hz, 2H), 3.82 (1, J=7.6 Hz, 2H), F5C X X CF;
2.94 (t, I=7.6 Hz, 2H) ppm. >C NMR (100 MHz, MeOD-d,)
8 166.9, 149.8, 140.3, 130.9, 127.7, 120.4, 116.6, 72.0, 42 .4,
40.2 ppm. 55
Cl
H
o~ Yo
| 60 N,N3-bis(3,5-bis(triﬂuoromethyl)phenyl)-2-(2-chlo-
HO g P g OH roethyl)malonamide (5032)

'H NMR (400 MHz, MeOD-d,,) 8 8.30 (s, 4H), 7.72 (s,
2H), 3.82 (t, I=7.6 Hz, 2H), 2.94 (t, J=7.6 Hz, 2H) ppm. >C
Cl 65 NMR (100 MHz, MeOD-d,) d 167.1, 141.1, 133.3 (q,
J=33.2 Hz), 124.6 (q, J=270.2 Hz), 121.7, 118.8 (g, J=3.5
Hz), 71.8, 42.3, 40.1 ppm.
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FsS

PN

F

Tz
=z

Cl

N*'N°-bis(4-pentafluorosulfurphenyl)-2-(2-chloro-
ethyl)malonamide (5033)

'H NMR (400 MHz, DMSO-d,) & 7.91-7.88 (m, 8H),
3.77 (t, 1=7.2 Hz, 2H), 2.88 (t, I=7.2 Hz, 2H) ppm. "*C NMR
(100 MHz, DMSO-dy) 8 165.0, 148.1 (q, J=16.1 Hz), 141.4,
126.6, 120.5, 71.1, 40.3 ppm.

0:N NO,

FsC

Tz
Tz

CF;3

Cl

2-(2-chloroethyl)-N*,N>-bis(4-nitro-3-(trifluorom-

ethyl)phenyl)malonamide (5034)

'"H NMR (400 MHz, MeOD-d,) 8 8.26 (s, 2H), 8.09-8.04
(m, 4H), 3.90 (t, J=6.8 Hz, 1H), 3.73 (t, I=6.4 Hz, 2H), 2.53
(9, J=6.4 Hz, 2H) ppm.

Cl

Cl

F5C cl

=z
=z

Cl

N'-(4-chloro-3-(trifluoromethyl)phenyl)-2-(2-chlo-
roethyl)-N>-(3,5-dichlorophenyl)malonamide (5035)

'H NMR (400 MHz, MeOD-d,) & 8.13 (s, 1H), 7.83 (d,
J=8.8 Hz, 1H), 7.65 (s, 2H), 7.55 (d, 1=8.8 Hz, 1H), 7.17 (s,
1H), 3.78 (1, J=7.6 Hz, 1H), 3.69 (t, J=6.4 Hz, 2H), 2.48 (q.
J=6.4 Hz, 2H) ppm. '*C NMR (100 MHz, MeOD-d,) &
169.3, 169.2, 141.7, 138.8, 136.1, 133.0, 1293 (q, J=31.3
Hz), 127.5, 125.5, 124.9, 124.1 (q, J=270.4 Hz), 120.0 (q.
J=5.5 Hz), 119.3, 54.1, 43.2, 34.0 ppm.

34

CF; cl

F5C cl

Tz
Tz

10
Cl

N*'-(3,5-bis(trifluoromethyl)phenyl)-2-(2-chloro-
ethyl)-N>-(3,5-dichlorophenyl) malonamide (5036)

{1 NMR (400 MHz, MeOD-d,) & 8.25 (s, 2H), 7.67 (s,
1H), 7.65 (s, 2H), 7.16 (s, 1H), 3.82 (t, 1=6.8 Hz, 1H), 3.70

%% (1, 1=6.4 Hz, 2H), 2.50 (q, J=6.4 Hz, 2H) ppm.

Cl

25 0N

FsC cl

Tz
Tz

30

Cl

35

2-(2-chloroethyl)-N*-(3,5-dichlorophenyl)-N>-(4-
nitro-3-(triffuoromethyl)phenyl)malonamide (5041)

11 NMR (400 MHz, MeOD-d,) & 8.24 (s, 1H), 8.04 (q,

J=8.8 Hz, 2H), 7.63 (s, 2H), 7.14 (s, 1H), 3.85 (t, J=6.8 Hz,
1H), 3.70 (t, I=6.8 Hz, 2H), 2.49 (q, J=6.8 Hz, 2H) ppm.

Cl Cl

F5C

=z
=z

CF;

50

55

2-allyl-N* ,N>-bis(4-chloro-3-(trifluoromethyl)phe-
nyl)malonamide (5037)

60
11 NMR (400 MHz, CDCl,-d,)  9.08 (s, 2H), 7.93 (s,

2H), 7.67 (d, J=8.4 Hz, 2H), 7.45 (d, J=8.4 Hz, 2M),
5.81-5.73 (m, 1H), 5.19 (d, J=16.8 Hz, 1H), 5.12 (d, J=9.6
Hz, 1H), 3.39 (t, J=7.6 Hz, 1H), 2.79 (t, ]=7.6 Hz, 2H) ppm.
13C NMR (100 MHz, MeOD-d,) & 169.9, 138.8, 135.4,
133.0, 129.3 (q, J=31.1 Hz), 127.4, 125.5, 124.1 (q, I=270.7
Hz), 120.0 (q. J=5.4 Hz), 118.3, 56.4, 35.9 ppm.

65
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/

2-allyl-N*,N>-bis(3-ethynylphenyl)malonamide
(5038)

'H NMR (400 MHz, MeOD-d,) & 7.74 (s, 2H), 7.55 (d,
J=7.6 Hz, 2H), 7.28 (t, I=7.6 Hz, 2H), 7.20 (d, ]=7.6 Hz,
2H), 5.93-5.83 (m, 1H), 5.18 (d, J=17.2 Hz, 1H), 5.08 (d,
J=10.4 Hz, 1H), 3.54 (t, J=7.2 Hz, 1H), 3.47 (s, 2H), 2.77 (.,
J=7.2 Hz, 2H) ppm. '*C NMR (100 MHz, MeOD-d,) &
169.9, 139.5, 135.5, 130.0, 129.0, 124.6, 124.2, 121.8,
118.2, 84.0, 78.8, 56.2, 36.3 ppn1.

Tz
Tz

2-allyl-N* ,N3-bis(3-ethylphenyl)malonamide (5039)

'H NMR (400 MHz, CDCl,-d,) & 8.83 (s, 2H), 7.37 (d,
J=7.6 Hz, 2H), 7.36 (s, 2H), 7.21 (1, I=7.6 Hz, 2H), 6.96 (d,
J=7.6 Hz, 2H), 5.87-5.79 (m, 1H), 5.18 (d, ]=16.8 Hz, 1H),
5.08 (d, J=10.4 Hz, 1H), 3.39 (t, J=7.2 Hz, 1H), 2.79 (t, J=7.2
Hz, 2H), 2.61 (q, J=7.6 Hz, 4H), 1.20 (t, J=7.6 Hz, 6H) ppm.

Cl Cl

Cl Cl

Tz
Tz

2-allyl-N*,N3-bis(3,5-dichlorophenyl)malonamide
(5040)

'H NMR (400 MHz, CDCl,-d,) b 8.86 (s, 2H), 7.50 (d,
J=1.6 Hz, 4H), 7.13 (1, J=1.6 Hz, 2H), 5.81-5.73 (m, 1H),
5.20 (d, J=17.2 Hz, 1H), 5.14 (d, J=10.4 Hz, 1H), 3.35 (t,
J=7.2 Hz, 1H), 2.77 (t, ]=7.2 Hz, 2H) ppm.

36

ClL
O,N
D\ | |
AC N N a
H H
ClL

w

10

2-(2-chloroethyl)-N*-(3,5-dichlorophenyl)-N>-(4-

s nitro-3-(triffuoromethyl)phenyl)malonamide (5041)

11 NMR (400 MHz, CD,0D) & 8.24 (s, 1H), 8.04 (dd,

14.2 Hz, 8.8 Hz, 2H), 7.63 (s, 2H), 7.14 (s, 1H), 3.85 (t, 6.8
Hz, 1H), 3.70 (t, 6.4 Hz, 2H), 2.49 (q, 6.8 Hz, 2H) ppm.

20

25

Cl

2-(2-chloroethyl)-N1,N3-dipropylmalonamide
(5046)

11 NMR (400 MHz, CDCL,): & 6.89 (brs, 2H), 3.57 (t.
J=8.8 Hz, 2H), 3.30 (t, J=10 Hz, 1H), 3.26-3.20 (m, 4H),
2.32(q, I=8.8 Hz, 2H), 1.61-1.49 (m, 4H), 0.93 (1, ]=9.6 Hz,
6H); 13C NMR (100 MHz, CDCl,-d,): 8 170.1, 52.3, 42.6,
41.6, 35.1, 22.8, 11.5 ppn1.
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“ N1,N3-dibutyl-2-(2-chloroethyl)malonamide (5047)

'H NMR (400 MHz, CDCL,): 8 6.92 (brs, 2H), 3.54 (t,
J=8.4 Hz, 2H), 3.30-3.21 (m, 5H), 2.29 (q, ]=8.4 Hz, 2H),
1.51-1.44 (m, 4H), 1.39-1.27 (m, 4H), 0.91 (t, J=9.6 Hz,
6H); '*C NMR (100 MHz, CDCl,-d,): 8 170.1, 52.2, 42.6,
39.6, 35.1, 31.6, 20.2, 13.9 ppm.

(6] (€]
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2-(2-chloroethyl)-N1,N3-dicyclohexylmalonamide
(5048)

'"H NMR (400 MHz, CDCl,): 3 6.61 (d, J=10.4 Hz, 2H),
3.79-3.67 (m, 2H), 3.55 (t, J=8.4 Hz, 2H), 3.18 (t, ]=10.4 Hz,
1H), 2.28 (q, J=8.4 Hz, 2H), 1.89-1.84 (m, 4H), 1.72-1.56
(m, 9H), 1.42-1.29 (m, 4H), 1.24-1.10 (m, 6H); '*C NMR
(100 MHz, CDCl,-d,): 8 169.2,52.4, 48.6, 42.7,35.1, 32.9,
25.7, 24.9 ppm.

CF;
Cl
O O
N N/\/
H H
Cl

N1-(4-chloro-3-(trifluoromethyl)phenyl)-2-(2-chlo-
roethyl)-N3-propylmalonamide (5049)

'H NMR (400 MHz, DMSO): 8 10.41 (s, 1H), 8.17 (d,
J=3.2 Hz, 1H), 7.93 (t, J=7.2 Hz, 1H), 7.82 (dd, J=12, 3.2
Hz, 1H), 7.65 (d, J=12 Hz, 1H), 3.60 (t, J=9.2 Hz, 2H), 3.50
(t,J=9.6 Hz, 1H), 3.11-2.94 (m, 2H), 2.24 (q, ]=9.2 Hz, 2H),
1.46-1.34 (m, 2H), 0.80 (t, J=9.6 Hz, 3H); *C NMR (100
MHz, DMSO-dg): 8 168.5,168.0, 139.0, 132.8, 128.8, 127.4
(q, J=41 Hz), 125.2, 1248, 121.6, 118.7, 43.8, 41.3, 32.4,
22.8, 11.9 ppm.

CF;
cl
0 0
N/b)‘\N/\/
H H
al

N1-allyl-N3-(4-chloro-3-(trifluoromethyl )phenyl)-2-
(2-chloroethyl)malonamide (5050)

1H NMR (400 MHz, DMSO): d 10.49 (s, 1H), 8.18 (d,
J=3.2 Hz, 1H), 8.14 (t, J=8 Hz, 1H), 7.83 (dd, J=12, 3.2 Hz,
1H), 7.65 (d, J=12 Hz, 1H), 5.84-5.71 (m, 1H), 5.13-4.99 (m,
2H), 3.74-3.68 (m, 2H), 3.63-3.55 (m, 3H), 2.26 (q, 9.6
Hz, 2H) ppm.

O O
\/\N);/H\N/\/
H H

ClL
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N1,N3-diallyl-2-(2-chloroethyl)malonamide (5051)

1H NMR (400 MHz, DMSO): & 8.00 (t, J=7.2 Hz, 2H),
5.83-5.71 (m, 2H), 5.13-5.01 (m, 4H), 3.72-3.67 (m, 4H),
3.52 (1, J=8.8 Hz, 2H), 3.36 (1, J=9.6 Hz, 1H), 2.13 (q, ]=8.8
Hz, 2H); 13C NMR (100 MHz, DMSO-d6): 8 168.7, 135.7,
115.7, 50.9, 43.9, 41.7, 32.7 ppm1.

CF;
Cl
(€] (€]
N N/\/\
H H
Cl

N1-butyl-N3-(4-chloro-3-(trifluoromethyl)phenyl)-
2-(2-chloroethyl)malonamide (5052)

'H NMR (400 MHz, DMSO): § 10.40 (s, 1H), 8.16 (d,
J=3.6 Hz, 1H), 7.91 (t, J=7.6 Hz, 1H), 7.82 (dd, I=11.6, 3.6
Hz, 1H), 7.66 (d, J=11.6 Hz, 1H), 3.59 (t, J=9.2 Hz, 2H),
3.49 (t,J=9.6 Hz, 1H), 3.10-3.02 (m, 2H), 2.23 (q, J=9.2 Hz,
2H), 1.39-1.32 (m, 2H), 1.26-1.19 (m, 2H), 0.81 (t, J=9.6
Hz, 3H) ppm.

CF;3

Cl

Tz
Tz

Cl

N1-(4-chloro-3-(trifluoromethyl)phenyl)-2-(2-chlo-
roethyl)-N3-cyclohexylmalonamide (5053)

'H NMR (400 MHz, DMSO): § 10.37 (s, 1H), 8.18 (d,
J=3.2 Hz, 1H), 7.85-7.81 (m, 2H), 7.67 (d, J=11.6 Hz, 1H),
3.60 (t, J=9.2 Hz, 2H), 3.49 (t, J=9.2 Hz, 2H), 2.24 (q, I=9.2
Hz, 2H), 1.76-1.66 (m, 4H), 1.53 (brs, 1H), 1.28-1.09 (m,
5H); '*C NMR (100 MHz, DMSO-dy): 8 167.8, 166.4,
138.3, 132.2, 126.7 (q, J=40.3 Hz), 124.5, 124.1, 120.9,
117.9 (q, J=7.3 Hz), 51.4,47.9,43.2,32.2,32.0, 31.7, 25.2,
24.4 ppm.

Structure of SC78

Cl Cl

PR

F5C CF3

=z
Tz
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Pharmaceutical Composition and Medical Application
Thereof

In one aspect, the present invention directs to a pharma-
ceutical composition.

The pharmaceutical composition comprises an effective
amount of a compound having a chemical structure (I)
below and a pharmaceutically acceptable carrier.

@

Ry,

=z

R3

In another aspect, the present invention directs to a
method of bacterial cell killing. The method comprises
contacting a cell with an effective amount of a compound
having the chemical structure (I) above.

In yet another aspect, the present invention directs to a
method of treating bacteria. The method comprises admin-
istrating an effective amount of a compound having a
chemical structure (I) above by a needed subject. The
bacteria above can be a Staphylococcus aureus strains ATCC
12598, ATCC 29213, NCTC 8325, methicillin-resistant
Staphylococcus aureus (MRSA) strains ATCC 33592, ATCC
49476, a clinically isolated MRSA strain carrying SCCmec
V;,2% one hundred clinically isolated MRSA strains, a vanA-
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Enterococcus faecalis ATCC 19433, Enterococcus faecium
ATCC 35667, Enterococcus faecium ATCC 19434, Bacillus
cereus ATCC 11778, Bacillus subtilis BCRC 10255,
Corynebacterium diphtheria ATCC 11913, Listeria mono-
cytogenes ATCC 19113, Erysipelothrix rhusiopathiae
ATCC 19414, Streptococcus pyogenes ATCC 19615,
Escherichia coli ATCC 25922, Salmonella Typhimurium
ATCC 14028, Acinetobacter baumannii BCRC 80276, a
clinically isolated S. /ugdunesis, and Vancomycin-Resistant
Enterococcus faecium (VR-E).
Identification of Potent Malonamide Derivatives

To exploit the antibacterial activity of malonate deriva-
tives, S. aureus and S. epidermidis were used as represen-
tatives in the drug screening. A library consisting of 73
malonamide derivatives were screened for growth inhibitory
activities against S. aureus INCTC 8325) and S. epidermidis
(ATCC 35984). Of these derivatives, compound SC5005
and it derivatives exhibited potent anti-Staphylococcus
activity with MICs=1 mg/L for S. aureus and S. epidermidis
strains tested (Table 1). These new agents also possess
potent inhibitory activity against MRSA strains tested, with
MICs same as that against methicillin-sensitive S. aureus
(MSSA) strains (Table 1). As these MRSA strains have been
reported to possess resistance to different classes of antibi-
otics, this finding suggests that a novel antibacterial target
might be involved in the mechanism of action of these
agents.

TABLE 1

Antibacterial activity of test agents against S. aureus, S. epidermidis and MRSA.

MIC (mg/L)

S. aureus  S. aureus S. epidermidis S. epidermidis MRSA MRSA  MRSA

NCTC ATCC ATCC ATCC ATCC  ATCC  SCCmec
Compound 8325 12598 12228 35984 33592 49476 vy
SC78 0.25 0.25 0.25 0.25 0.25 025 0.25
SC5005 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Ampicillin 0.25 — 32 >32 >64 >64 64
Chloramphenicol 4 — 2 — 32 8 64
Erythromycin 0.5 — 4 4 >64 >64 >64
Ofloxacin 0.125 — 0.25 — 0.25 0.5 0.25
Rifampicin 0.125 — <0.004 >64 0.25 0.5
Tetracycline 0.125 — 8 0.25 >64 >64 32
Vancomyecin 0.5 — 1 1 1 1

mediated vancomycin-resistant Staphylococcus —aureus In addition to the antibacterial activities, the cytotoxic

(VRSA) strain (SJC1200), and a clinical isolated vancomy-
cin-intermediate Staphylococcus aureus (VISA) strain, S.
epidermidis strains ATCC 35984 and ATCC 12228, S. hae-
molyticus strain ATCC 29970, S. hominis strain ATCC
27844, S. intermedius strain ATCC 29663, S. saprophyticus
strain ATCC 15305, a clinically isolated S. lugdunesis,

50

effects of these malonate derivatives on human cancer cell
lines were also assessed. Among these new agents, only
compound SC5005 had a lower antiproliferative potency
against all human cancer cells with the ICo, ranging from
15 to 20 mg/L, resulting in a selectivity ratios of up to 40
(Table 2).

TABLE 2

Anti-Staphylococcus (MIC) versus antiproliferative (ICs,) activities of test agents.

S. aureus
NCTC 8325 HEK-293 K-562 HT-29
MIC ICsy  Selectivity ICs, Selectivity ICsq  Selectivity
Compound (ng/ml) (ug/ml) ratio® (ug/ml) ratio (ug/ml) ratio
SC72 1 2.76 2.76 5.94 5.94 — —
SC78 0.25 1.13 4.52 4.73 18.92 4.51 18.04
SC79 0.5 2.22 4.44 1.78 3.56 — —
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TABLE 2-continued

42

Anti-Staphylococcus (MIC) versus antiproliferative (ICs,) activities of test agents.

S. aureus
NCTC 8325 HEK-293 K-562 HT-29
MIC IC50  Selectivity ICsy  Selectivity ICso  Selectivity
Compound (ng/ml) (ng/ml) ratio® (ug/ml) ratio (ug/ml) ratio
SC80 0.5 2.12 4.24 4.12 8.24 4.60 9.2
SC5005 0.5 16.79 33.58 20.23 40.46 14.56 29.12

“Selectivity ratio = [C5¢/MIC against S. aureus

Antibacterial Spectra of Compounds SC78 and SC5005
Against Different Staphylococcus Species and Clinical Iso-
lated MRSAs

SC78 and SC5005 were tested in a panel of representative
Staphylococcus pathogens, consisting of strains of S. aureus,
S. epidermidis S. haemolyticus, S. hominis, S. intermedius, S.
saprophyticus, and S. lugdunesis. As shown in Table 3, with
the exception of S. intermedius, and S. haemolyticus showed
a lesser degree of susceptibility, the inhibitory potencies of
compound SC78 and SC5005 against these Staphylococcus
species were consistent with those of S. aureus and S.
epidermidis.

TABLE 3
Antibacterial activity SC78 and SC5005 against Staphylococcus
pathogens. VISA, VRSA and clinical isolated MRSAs.
MIC (mg/L)

Staphylococcus species SC78 SC5005 Vancomyecin
S. aureus (NCTC 8325) 0.25 0.5 0.5
S. epidermidis (ATCC 35984) 0.25 0.5 —
S. haemolyticus (ATCC 29970) 0.5 1 —
S. hominis (ATCC 27844) 0.25 0.25 —
S. intermedius (ATCC 29663) 1 1
S. saprophyticus (ATCC 15305) 0.25 0.5 —
S. lugdunesis (NTUH isolate) 0.25 0.5 —
VISA 0.25 0.5
VRSA (SJC1200) 0.25 0.5 512
Clinical isolated MRSAs® 0.25 0.5% —

“A total of one hundred clinical isolated MRSA from NTUH was tested.
"The value represented the MICq, against MRSA isolates tested.

To further investigate the potency of SC78 and SC5005
against MRSAs, a total of one hundred clinical isolated
MRSA strains from the National Taiwan University Hospi-
tal, which have been identified to carry type II, IIL, IV or V.
of SCCmec, were assessed for their susceptibility to these
two agents. As result shown, the MIC,, of SC78 and
SC5005, defined as the concentration that inhibits 90% of
bacteria strains tested, against these clinical isolated MRSA
strains were 0.25 mg/L. and 0.5 mg/L, respectively, which
were consistent with the MICs against reference strains of S.
aureus, S. epidermidis and MRSA (Table 3).

Antibacterial Activity of Compounds SC78 and SC5005
Against VISA and VRSA

After being introduced in 1958, vancomycin has always
been the last line of defence for the treatment of MRSA
infection. However, in the early 2000s, the emergence of
vancomycin intermediate-susceptible S. aureus (VISA) and
vancomycin-resistant S. aureus (VRSA) has been reported.
The decrease of S. aureus’ susceptibility to vancomycin has
increased the difficulty of treatment and highlights an urgent
need of novel therapeutic agents for VISA and VRSA
infection. To examine whether the antibacterial activities of
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SC78 and SC5005 are able to suppress the growth of VISA
and VRSA, the susceptibility of a clinical isolated VISA
strain and a vanA-mediated VRSA strain (SJC1200) to these
two agents and vancomycin were assayed. As result shown
in table 3, the VISA strain showed a moderate decrease in
the susceptibility to vancomycin, as demonstrated by a
4-fold increase in the value of MIC comparing to that of
vancomycin-susceptible S. aureus (VSSA), including
MRSA (ATCC 33592), MRSA (ATCC 49476) and MRSA
(SCCmec VT). In contrast, the VRSA strain was highly
resistant to vancomycin with an over five-hundred decrease
in the susceptibility to vancomycin. Though these two
strains exhibited different resistance to vancomycin, their
susceptibility to SC78 and SC5005 were consistent with the
VSSA strain, suggesting that the antibacterial mechanism of
these two malonamide derived agents is different from that
of vancomycin. The findings above highlighted the potential
of these malonamide derivatives in treatment of infection
caused by S. aureus strains with resistance to multiple
antibiotics, including vancomycin.
Antibacterial Spectra of SC78 and SC5005 Against Different
Pathogenic Gram-Positive Bacteria, Gram-Negative Bacte-
ria and Mycobacteria

To further investigate whether these two agents can sup-
press Gram-positive bacteria other than Staphylococcus, the
activity of SC78 and SC5005 against a panel of Gram-
positive bacteria, including Enterococcus faecalis (ATCC
19433), Enterococcus faecium (ATCC 35667 & ATCC
19434), clinically-isolated vancomycin resistant Enterococ-
cus faecium (VR-E), Bacillus cereus (ATCC 11778), Bacil-
lus subtilis (BCRC 10255), Corynebacterium diphtheriae
(ATCC 11913), Listeria monocytogenes (ATCC 19113),
Erysipelothrix rhusiopathiae (ATCC 19414), Streptococcus
pyogenes (ATCC 19615), Clostridium difficile (630 &
R,g20;) Was evaluated. As the results shown in table 4, SC78
and SC5005 can suppress all Gram-positive bacteria tested
with the MICs same as that against S. aureus. These results
indicated that SC78 and SC5005 possess broad-spectrum
antibacterial activities on Gram-positive bacteria. Moreover,
SC78 and SC5005 also possess suppressive effects on Myco-
bacterium tuberculosis (H37Ra) with MIC of 1 mg/LL and 16
mg/L, respectively, indicating that these two agents are
effective against Mycobacterium species.

TABLE 4

Antibacterial activity of SC78 and SC5005 against Gram-positive
bacteria, Gram-negative bacteria and Mycobacteria.

MIC (mg/L
Bacteria SC78 SC5005
Gram-positive bacteria
Enterococcus faecalis ATCC 19433 0.25 0.5
Enterococcus faecium ATCC 35667 0.25 0.5
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TABLE 4-continued
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TABLE 5

Antibacterial activity of SC78 and SC5005 against Gram-positive
bacteria, Gram-negative bacteria and Mycobacteria.

MIC (mg/L
Bacteria SC78 SC5005
Enterococcus faecium ATCC 19434 0.5 1
VR-E. faecium 0.25 0.5
Bacillus cereus ATCC 11778 0.25 0.5
Bacillus subtilis BCRC 10255 0.25 0.5
Corynebacterium diphtheriae ATCC 11913 0.25 0.5
Listeria monocytogenes ATCC 19113 0.0625 0.125
Streptococcus pyogenes ATCC 19615 0.25 0.5
Clostridium difficile 6307 0.5 0.5
Clostridium difficile R20291¢ 0.25 0.5
Gram-negative bacteria
Escherichia coli ATCC 25922 >64 >64
Salmonella Typhimurium ATCC 14028 >64 >64
Acinetobacter baumannii BCRC 80276 >64 >64
Mycobacteria
Mycobacterium tuberculosis H37Ra 1 16

In addition to Gram-positive bacteria, the activity of SC78
and SC5005 against Gram-negative bacteria was also inves-
tigated. The MICs of SC78 and SC5005 against Escherichia
coli (ATCC 25922), Salmonella Typhimurium (ATCC
14028), and Acinetobacter baumannii (BCRC 80276) were
assayed. As the results shown in table 4, SC78 and SC5005
didn’t exhibit inhibitory effect on Gram-negative bacteria
tested, as demonstrated with MICs over 64 mg/L.. Thus, the
antibacterial activity of SC78 and SC5005 is specific to
Gram-positive bacteria and Mycobacteria.

SC78 and SC5005 are Bactericidal Against S. aureus

An antibacterial agent is considered as bactericidal if it is
capable of killing over 99.9% of bacterial inoculum within
a 24 hours period of exposure. Otherwise, it is considered
bacteriostatic. To investigate the property of SC78 and
SC5005, their time-kill kinetics were assessed in S. aureus
NCTC 8325 over a 24-h treatment period. Overnight-grown
bacteria were inoculated in CAMHB at a concentration of
5x10° CFU/ml followed by exposure to individual com-
pounds at concentrations of 2- to 8-folds of respective MIC.
As shown in FIG. 2, SC5005 can cause reductions in CFU
0199.91% and 99.95% at concentrations of 4- and 8-folds of
MIC, respectively. In contrast, SC78 only caused an over
99.9% reduction of bacteria population at concentration of
8xMIC. According to the finding above, compounds SC78
and SC5005 can be classified as bactericidal.

SC5005 Kills S. aureus in the Biofilm

A Dbiofilm is composed of attached microorganisms
enclosed in an extracellular polymeric substance matrix.
Bacteria embedded in the biofilm are protected from anti-
biotic-mediated killing and the immune response. Reports
have shown that biofilm formation is an important factor
contributing to S. aureus infections of the skin, lung and
indwelling medical devices such as catheters. Thus, the
effect of SC5005 on MRSA in a biofilm was assayed. The
results indicated that SC5005 possesses superior biofilm-
eradicating activity compared with vancomycin, linezolid
and daptomycin, as demonstrated by the minimal biofilm
eradication concentration (MBEC) of each agent (16 mg/L.
versus >1024, 1024 and 1024 mg/L., respectively) (Table 5).
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The antibacterial activities of test agents against MRSA in the biofilm.

MRSA (ATCC 43300)

Test agents MBEC (mg/L) MIC (mg/L)
SC5005 16 0.5
Linezolid >1024 1
Daptomycin 1024 0.5
Vancomyecin 1024 1

SC5005 Protects C. elegans from S. aureus Infection

Caenorhabditis elegans has been broadly used as a model
host for the studies of human infectious diseases, including
infections caused by S. aureus. To investigate whether SC78
and SC5005 can suppress the infection of S. aureus in C.
elegans, worms were infected with MSSA ATCC 29213 or
MRSA ATCC 33592 followed by exposing to individual
drugs at concentrations of 2- to 8-folds of respective MIC in
S-medium. Control groups were treated with DMSO at
concentration equal to that of drug treated groups (final
concentration, 0.1%). As results shown in FIG. 3, no sig-
nificant difference was observed in the survival of MSSA- or
MRSA-infected worms receiving SC78 treatment. In con-
trast, SC5005 at concentration of 2xMIC already showed
strong protective effect, as demonstrated by the significant
increase in the mean survival of drug-treated worms com-
paring to that of S. aureus infected worms with control
treatment (FIG. 3(B)).

Meanwhile, the toxic effects of these agents on C. elegans
were also assessed. E. coli (OP50)-fed worms were exposed
to escalating doses of SC78 and SC5005 in S-medium
followed by monitoring of their survival daily. As results
shown in FIG. 3, the survival of worms fed with OP50 was
significantly decreased with exposure to SC78, suggesting
that SC78 is toxic to C. elegans at concentrations tested. In
contrast, exposure to SC5005 didn’t affect the survival as
well as the life-span of worms, comparing to that of control
(FIG. 3(B)). Thus, these results indicated that SC5005
doesn’t possess acute toxicity against C. elegans, and its
antibacterial activity is capable of suppressing S. aureus
infection in host animals.

Intraperitoneal Administration of SC5005 Improves the Sur-
vival of MRSA-Infected C57BL/6 Mice

To further evaluate the therapeutic potential of SC5005
against MRSA infection, inbred C57BL/6 mice were intra-
peritoneally injected with a lethal dose (5x10* CFU) of
MRSA (ATCC 33592), followed by intraperitoneal admin-
istration of vehicle control or SC5005 (1 mg/kg, 3 mg/kg or
10 mg/kg) at 1 h, 24 h and 48 h post-infection (N=5 for each
group). Mice infected with MRSA rapidly developed signs
of severe infection that included weight loss of over 20%,
significant decrease in body temperature, and lethargy (FIG.
4(B)). Survival time for the mice received vehicle was no
more than 2 days (FIG. 4(A)). In contrast, three of the mice
receiving SC5005 at 10 mg/kg survived till the end of the
study, exhibiting decreases of body weight at 1 day post-
infection and returned to pre-infection levels after 2-5 days.
In addition, only one in each group of mice receiving 1
mg/kg or 3 mg/kg of SC5005 survived after the treatment,
suggesting that the effect of SC5005 is dose-dependent and
the ED., (defined as effective dose for 50% of the group) of
SC5005 is near 10 mg/kg. Together, these findings provided
a proof-of-concept that SC5005 exhibited anti-Staphylococ-
cus activity in vivo.
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Structure Activity Relationship of Malonamide Derivatives

Malonamide derivatives were screened against a panel S.
aureus strains, including MSSA 8325, MSSA 29213, MRSA
33592, and MRSA SCCmecVT, for growth-inhibitory
activities. The MIC of each agent was determined following
the guidelines of the Clinical and Laboratory Standards
Institute (CLSI). For the broth microdilution method, over-
night grown bacteria on Luria Bertani (LB; Athena Enzyme
Systems, Baltimore, Md.) agar plates were suspended in
phosphate-buffered saline (PBS) to an O.D. of 1.0 at 600 nm,
which was equivalent to 5x10% CFU/ml, and then diluted in
cation-adjusted Miiller Hinton broth (CAMHB; Difco Labo-
ratories, Detroit, Mich.) to a final concentration of 5x10°
CFU/ml. The bacterial suspensions were exposed to the test
agents and chloramphenicol at escalating doses, ranging
from 0.125 to 64 mg/L, in triplicate in 96-well plates, and the
plates were incubated at 37° C. for 24 h. The MIC of each
agent was defined as the lowest concentration at which no
growth of bacteria was observed.

For agar dilution method, the bacterial suspensions in
CAMHB were inoculated at 10* CFU/spot on LB agar plates
containing escalating doses of the test agents ranging from
0.125 to 8 mg/L, in triplicate, and the plates were incubated
at37° C. for 24 h. The MIC of each agent was defined as the
lowest concentration at which no colony of bacteria was
observed (Table 6).

TABLE 6
The growth-inhibitory activities of test agents against S. aureus strains.
MIC (ug/ml)
MSSA MSSA MRSA

Compound NCTC ATCC ATCC SCCmec
No 8325 29213 33592 Vi
SC5020 >3 — — —
SC5021 8 — — —
SC5022 >3 — — —
SC5023 2 — 1 —
SC5024 1 — 1 —
SC5025 0.25 — 0.25 —
SC5026 >3 — — —
SC5027 >3 — — —
SC5028 >64 — — —
SC5029 8 — — —
SC5030 >16 — — —
SC5031 >64 — — —
SC5032 32 — — —
SC5033 32 — — —
SC5034 1 — — —
SC5035 0.25 — 0.25 —
SC5036 0.25 — 0.5 —
SC5037 8 — >32 —
SC5038 >32 — >32 —
SC5039 >32 — >32

SC5040 >32 — >32 —
SC5041 0.5 — 0.5 —
SC5005 0.5 0.5 0.5 0.5
SC5046 >64 — >64 —
SC5047 >64 — >64 —
SC5048 >64 — >64 —
SC5049 >64 — >64 —
SC508C50 >64 — >64 —
SC5051 >64 — >64 —
SC5052 >64 — >64 —
SC5053 >64 — >64 —

Drug Resistance of S. aureus NCTC 8325 Against SC78 and
SC5005

To investigate the resistance of S. aureus against SC78
and SC5005, the bacteria were cultured at a sub-inhibitory
concentration of antibiotics for 30 consecutive days. As
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shown in FIG. 4(A), S. aureus developed resistance to
rifampicin, erythromycin, and ampicillin over 64-fold MIC
change within 6 days, 17 days, and 27 days, respectively.
There are also 8- and 4-fold MIC change in ofloxacin and
vancomycin. In contrast, no resistance to chloramphenicol
and tetracycline were observed in this period. It is notewor-
thy that no resistance was observed even after a 200-day
consecutive exposure to sub-lethal concentrations of SC78
and SC5005 (FIG. 4). According to the results above, S.
aureus is unable to develop resistance to SC78 and SC5005.
SC5005 and SC5035 Inhibit Major the Biosynthesis of
Major Macromolecules in S. aureus

To investigate the mode of action of SC5005, a new
derivative, SC5035, with better selectivity of antibacterial
activity over cytotoxicity was included in the assays. First,
the impacts of these two compounds on the biosynthesis of
important macromolecules, including DNA, RNA, protein
and cell wall, in S. aureus NCTC 8325 were assessed.
Bacteria cells were incubated with [*H]thymidine to assess
DNA synthesis, [*H] uridine to assess RNA synthesis, [°H]
leucine to assess protein synthesis, and [*H] N-Acetyl-D-
glucosamine to assess cell wall synthesis. The ofloxacin,
rifampicin, erythromycin and vancomycin were used as
control inhibitor for DNA, RNA, protein, and cell wall
biosynthesis, respectively. Inhibition of biosynthesis path-
way was determined by a reduction in the radial isotope
signal of bacteria. As shown in FIG. 5, bacteria treated with
SC5005 and SC5035 showed a lower signal in all four
macromolecule biosynthesis pathway, suggesting that the
target of SC5005 and SC5035 is upstream of these path-
ways.
SC5005 and SC5035 Cause ATP Leakage in S. aureus

Reports indicated that membrane-active antibacterial
agent will suppress the biosynthesis of all major macromol-
ecules in bacteria. To investigate whether SC5005 and
SC5035 also act on bacterial cell membrane, intracellular
ATP levels of S. aureus treated with SC5005, SC5035 and
antibiotics for 15 min was determined by using ATPlite
one-step assay kit. As result shown in FIG. 6, intracellular
ATP levels of bacteria cells treated with SC5005 and
SC5035 significantly dropped, suggesting these two com-
pounds caused damage to bacterial cell membrane, and
leading to leakage of intracellular components.
SC5005 and SC5035 Disrupt Membrane Integrity of S.
aureus

To further validate the action mechanism of SC5005 and
SC5035, two fluorescence dyes were used for evaluation of
membrane integrity of drug treated S. aureus. The propidium
iodide dye only stains cells with perforated membrane,
while the SYTO 9 stains all cells in spite of membrane
integrity. Result showed that only S. aureus treated with
10% Triton X-100, SC5005 and SC5035 can be stained by
propidium iodide, indicating these two compounds can
disrupt membrane integrity of S. aureus (FIG. 7).
SC5005 Causes Pore-Formation in Membrane of S. aureus

To investigate how SC5005 changes membrane perme-
ability of S. aureus, bacteria cells were treated with SC5005
for 15 min followed by glutaraldehyde (2.5%) fixation and
osimium tetraoxide (1%) staining. The membrane of bacte-
ria was then observed by Transmission electron microscopy
(TEM) at 100,000 magnifications (FIG. 8). The outer clear
black circle is cell wall of S. aureus, and the inner clear black
circle is cell membrane of S. aureus. These two circles of
control treated S. aureus remain intact, and the cell mem-
brane is undamaged. In contrast, a pore was observed in the
membrane of most bacteria cells treated with SC5005. This
data indicated that SC5005 can cause pore forming in the
membrane of S. aureus.
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SC5005 and SC5035 Doesn’t Cause Hemolysis of Human
Red Blood Cell

As data shown above, SC5005 and SC5035 can kill
bacteria via forming pore in bacterial membrane. To see
whether the pore-forming activity of these two compounds
is specific for bacterial membrane, the hemolytic activities
of these two agents on human red blood cells were accessed.
As result shown in FIG. 9, no significant hemolysis was
observed of RBC treated with SC5005 or SC5035 at the
concentration up to 128-fold of their MIC against S. aureus.
SC5005 and S5035 Doesn’t Disrupt Membrane Integrity of
Human Cells

To further validate the activity of SC5005 and SC5035 on
the membrane of human cells, the integrity of cellular
membrane of cells treated with these two compounds was
assessed by using LDH release assay. Human HT-29 cells
were treated with SC5005 and SC5035 for 1 hour, and then
the LDH released from cell into culture medium was
assayed. The results indicated that no significant increase in
the LDH level of cells treated with SC5005 and SC5035 at
the concentration up to 128-fold of their MIC against S.
aureus (FIG. 10). Together, results of RBC hemolysis assay
and LDH release assay indicated that the pore-forming
activity of SC5005 and SC5035 is highly specific to bacteria
membrane.

What is claimed is:
1. A substituted malonamide having a chemical structure

@:

@

Tz
Tz

R;

wherein R, is

Rs Rg

Ry

C, s alkyl, C, ; alkenyl, or C;_, cycloalkyl;
R, is

Ro

Rig

Rip

Rz

C, s alkyl, C, ; alkenyl, or C;_, cycloalkyl;
R; is selected from C; cycloalkyl, C, 4 alkenyl, or C,
halogenoalkyl;
R, Rs, Rg, Ry, Rg, Ry, Ry, Ryj, Ry, and R are
independently selected from hydrogen, C, 5 alkyl, C, ¢
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alkenyl, ethynyl, halogen, trihalogenomethyl, nitro,
hydroxyl, trihalogenomethoxy, or pentafluorosulfanyl;
if R; is allyl, R, and R, are not 2,4-dichlorophenyl and
2,5-dichlorophenyl; if R; is C;_s-halogenoalkyl, R, and
R, are not independently selected from phenyl, C, ,-
alkyl phenyl or halogen phenyl; if R,, Rs, Ry, R, Rg,
Re, R0, R R 5, and R 5 are hydrogen, R, is not allyl
or dimethylallyl.

2. The substituted malonamide of claim 1, wherein R,

10 and R, are independently selected from
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R; is selected from

> ?(/\ . ></\Cl'

3. A pharmaceutical composition comprising:
an effective amount of a compound having a chemical
structure (I):

@

0 O
Ry Ry,
~ N N e
H H
Rs
wherein R,
Ry
Rs Rg
R¢
R,

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;
R, is

Ry

Ryo,

Rz

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;

R; is selected from C; cycloalkyl, C, 4 alkenyl, or C,
halogenoalkyl;

R, Rs, Rg, Ry, Rg, Ry, Ry, Ryj, Ry, and R are
independently selected from hydrogen, C, 5 alkyl, C, ¢
alkenyl, ethynyl, halogen, trihalogenomethyl, nitro,
hydroxyl, trihalogenomethoxy, or pentafluorosulfanyl;

and a pharmaceutically acceptable carrier; if R; is allyl,
R, and R, are not 2.4-dichlorophenyl and 2,5-dichlo-
rophenyl; if R is C;_s-halogenoalkyl, R, and R, are not
independently selected from phenyl, halogen phenyl, or
C,_s-alkyl phenyl; if R,, Rs, Ry, R, R, Ry, Ry, Ry,
R,,, and R, are hydrogen, R; is not allyl or dimeth-
ylallyl.

4. The pharmaceutical composition of claim 3, wherein

R,, and R, are independently selected from
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5. The pharmaceutical composition of claim 3, wherein
the compound having a chemical structure (I) is:
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V)

Cl Cl

o
o
3

CFs.

6. A method of inhibiting bacterial cell growth, compris-
ing: contacting bacterial cell with an effective amount of a 15
compound having a chemical structure (I):

@

20
Ry Ro,
\N N/
H H

R3

25
wherein R, is
e 30
Rs Rg
R¢

> 35

R;

C, s alkyl, C, ; alkenyl, or C;_, cycloalkyl;
R, is 40
Ro
R R
13 10> 45
Ry
Rpz

50

C, s alkyl, C, ; alkenyl, or C;_, cycloalkyl;

R; is selected from C; cycloalkyl, C, 4 alkenyl, or C,
halogenoalkyl;

R, Rs, Re Ry Ry, Ry, Ryg, Ry, Ryp, and Ry are
independently selected from hydrogen, C, 5 alkyl, C, ¢
alkenyl, ethynyl, halogen, trihalogenomethyl, nitro,
hydroxyl, trihalogenomethoxy, or pentafluorosulfanyl,

if R, is allyl, R, and R, are not 2,4-dichlorophenyl; if R,
is 1-halogenopentane, R, and R, are not independently
selected from phenyl, C, s-alkyl phenyl or halogen
phenyl; if R, R, R, R, Ry, R, Ry, Ry, R 5, and R 5
are hydrogen, R; is not allyl or dimethylallyl.
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7. The method of claim 6, wherein R;, and R, are
independently selected from
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8. The method of claim 6, wherein the compound having
a chemical structure (1) is:

or
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Cl
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R, is
V)
Cl ClL
0 0 Ro
5
Rz Rio,
FiC N N CF;.
H H
Ry
Cl 10 Rz

9. The method of claim 6, wherein the bacterial cells are C,.¢ alkyl, C, ¢ alkenyl, or C;_, cycloalkyl;
cells of human pathogenic bacteria. R, is selected from C; cycloalkyl, C, s alkenyl, or C,

10. The method of claim 6, wherein the human pathogenic L halogenoalkyl;

bacteria are selected from the group consisting of Staphy- R43 Rs. Rs, R7 Re. Ro, Ry, Ry, Ryp, and Ry; are
lococcus aureus, Staphylococcus haemolyticus, Staphylo- independently selected from hydrogen, C,.s alkyl, C2-6
coccus hominis, Staphylococcus intermedius, Staphylococ- alkenyl, ethynyl, halogen, trihalogenomethyl, nitro,

hydroxyl, trihalogenomethoxy, or pentafluorosulfanyl;

cus saprophyticus, Staphylococcus lugdunesis,
Erysipelothrix  vhusiopathiae,  Enterococcus  faecalis, wherein R, and R, are different substituted groups.
Enterococcus faecium, VR-E. faecium, Bacillus cereus, 12. The method of claim 11, wherein R,, and R, are

Bacillus subtilis, Corynebacterium diphtheriae, Listeria independently selected from
monocytogenes, Streptococcus pyogenes, Clostridium dif-
ficile, Escherichia coli, Salmonella Typhimurium, Acineto- 25

bacter baumannii, and Mycobacterium tuberculosis. A
11. A method of synthesizing the substituted malonamide
of claim 1, comprising: ’ ’ ’

(a) reacting a compound having chemical structure (II) 5,
with a first substituted amine R,—NH, to obtain a
compound having chemical structure (III),

an 35 Cl Cl
0 0

Cl Cl, CF;

Rs 40 ’ ’

1
Ry
Rs Cl
0 0 ,
45

N Cl,

Rs H
R NO,

50 Cl

(b) the compound having chemical structure (III) further
reacts with a second substituted amine R,—NH, to
obtain the substituted malonamide of claim 1,
wherein R, is 55 CF;3 Cl
Ry
R. R
5 8 60 OH OH
OH NO,
R¢
Ry ,
65 CF;s

C,_¢ alkyl, C, 4 alkenyl, or C;_, cycloalkyl;
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