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PDK-1AAKT SIGNALING INHIBITORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application No. 60/508,619, titled “PDK-1/Akt Sig 
naling Inhibitors' filed Oct. 3, 2003 and U.S. Provisional 
Patent Application No. 60/509,814, titled “PDK-1/Akt Sig 
naling Inhibitors' filed Oct. 8, 2003; the entirety of each of 
these is incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY 
FUNDED RESEARCH 

0002 This invention was made, at least in part, with 
government support under National Institutes of Health 
Grant CA94829 and Army Grant DAMD 17-02-1-01 17. The 
government may have certain rights in this invention. 

BACKGROUND OF THE INVENTION 

0003) The phosphoinositide (PI) 3-kinase/PDK-1/Akt 
signaling cascade represents a convergence point for a 
plethora of receptor tyrosine kinase and cytokine-mediated 
pathways that regulate cell proliferation and Survival, and 
offers a framework to account for the ability of many 
extracellular trophic factors to maintain cell survival. Dys 
regulation of this signaling cascade due to constitutive 
growth factor-receptor activation and/or PTEN imitations 
results in Akt up-regulation, which Subsequently, promotes 
tumor invasiveness, angiogenesis, and progression. Thus, 
PDK-1/Akt signaling inhibitors are of translational rel 
evance for development into useful chemotherapeutic or 
chemopreventive agents. There exists a need for develop 
ment of new compounds that are potent PDK-1/Akt signal 
ing inhibitors. There further exists a need for the develop 
ment of chemotherapeutic agents and chemopreventative 
agents based on PDK-1/Akt signaling inhibition. 

SUMMARY OF THE INVENTION 

0004 Provided are compounds of formula I: 

NY 
N-N 

wherein X is selected from alkyl and haloalkyl; Ar is 
selected from the group consisting of phenyl, biphenyl, 
naphthyl, anthryl, phenanthryl, and fluorenyl; R is selected 
from the group consisting of —CN, —CHCN, 
—CHCHCN, —CHCHCHCN CONH 
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N NH2. 

Formula I also includes pharmaceutically acceptable salts 
thereof, metabolism products, and prodrugs thereof. 

BRIEF DESCRIPTION OF THE FIGURES 

0005 FIG. 1 shows dose-dependent effects of com 
pounds 70 (left panels) and 71 (right panels) on cell viability 
of PC-3 cells and on the cell growth in nine representative 
human tumor cell lines. 

0006 FIG. 2 shows the synthesis of compounds 37-72 
using the 1,1,1-trifluoro-4-hydroxy-4-phenanthren-2-yl-but 
3-en-2-one as a common precursor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0007 Provided is a new class of PDK-1/Akt signaling 
inhibitors. The compounds described herein are useful for 
inducing apoptosis in undesirable proliferating cells. Such as 
cancer cells. The compounds described herein are also 
useful in promoting wound healing and preventing scarring. 
The compounds described herein further have application in 
preventing restenosis. The compounds described herein fur 
ther have application in organ transplantation. 
0008. The compounds described herein can be shown in 
the general formula I: 

^^ - 
N-N 

wherein X is selected from alkyl and haloalkyl, Ar is 
selected from the group consisting of phenyl, biphenyl, 
naphthyl, anthryl, phenanthryl, and fluorenyl; R is selected 
from the group consisting of —CN, —CHCN, 
- CHCHCN, -CHCHCHCN – CONH 
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Stated otherwise, R is selected from nitrile, acetonitrile, 
ethylnitrile, propylnitrile, carboxyamide, amidine, pyrazole, 
oXime, hydrazone, acetamidine, acetamide, guanidine, and 
urea. Formula I also includes pharmaceutically acceptable 
salts thereof, metabolism products, and prodrugs thereof. 

0009. In some embodiments, X is C to Chaloalkyl. In 
Some embodiments, X is CF. In some embodiments, Ar 
may be substituted at any substitutable position with one or 
more radicals, such as, but not limited to halo, C-C alkyl, 
C-C haloalkyl, azido, C-C azidoalkyl, aryl, akylaryl, 
haloaryl, haloalkylaryl, and combinations thereof. In some 
embodiments, Ar is selected from 2-naphthyl, 4-biphenyl, 
9-anthryl, 2-fluorenyl, 4-azidophenyl, 4-azidomethylphenyl, 
4-(2-azidoethyl)phenyl, 4-(3-azidopropyl)phenyl, 4-(4-azi 
dobutyl)phenyl, 4-(4-azidophenyl)phenyl, 4-(4-azidometh 
ylphenyl)phenyl, 4-methylphenyl, 4-ethylphenyl, 4-propy 
lphenyl, 4-butylphenyl, 4-(2-bromoethyl)phenyl, 4-(3- 
bromopropyl)phenyl, 4-(4-bromobutyl)phenyl, 
4-(trifluoromethyl)phenyl, 4-(4-methylphenyl)phenyl, 4-(4- 
bromomethylphenyl)phenyl, 4-(4-butylphenyl)phenyl, 4-(4- 
tert-butylphenyl)phenyl, 2-chlorophenyl, 4-chlorophenyl, 
2,4-dichlorophenyl, 3,4-dichlorophenyl, 2,5-dichlorophe 
nyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl, 3,4-dimeth 
ylphenyl, 3,5-dimethylphenyl, 4-(4-chlorophenyl)phenyl, 
4-(3,5-dichlorophenyl)phenyl, 4-(2,3-dichlorophenyl)phe 
nyl, 4-(3,5-dimethylphenyl)phenyl, 4-(2,4,5-trichlorophe 
nyl)phenyl, 4-(4-trifluoromethylphenyl)phenyl, 2-phenan 
threnyl, 3-indolyl 2-pyrrolyl, and 4-(benzyl)phenyl. In 
some embodiments, Ar is selected from 4-(2-bromoeth 
yl)phenyl, 4-(3-bromopropyl)phenyl, 4-(2-azidoethyl)phe 
nyl: 4-(3-azidopropyl)phenyl, 4-butylphenyl, 4-t-butylphe 
nyl, 2-naphthalenyl, 3-indolyl, 4-biphenylyl, 4'-chloro1,1'- 
biphenyl-4-yl. 3',5'-dichloro1,1'-biphenyl-4-yl, 2',3'- 
dichloro1,1'-biphenyl-4-yl 4'-methyl1,1'-biphenyl-4-yl, 
4'-trifluoromethyl1,1'-biphenyl-4-bromomethyl1,1'-bi 
phenyl-4-yl. 3',5'-dimethyl1,1'-biphenyl-4-yl 4'-butyll, 
1'-biphenyl-4-yl 4'-tert-butyl1,1'-biphenyl-4-yl 4-(phe 
nylmethyl)phenyl, 9H-fluoren-2-yl, 9-anthracenyl, 
2-phenanthrenyl, 9-phenanthrenyl. In some embodiments, 
Ar is 2-phenanthrenyl. In some embodiments, R is selected 
from aminoacetamide and guanidine. 
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0010 Another embodiment described herein is that of 
formula II: 

II 

S-C 

wherein X is selected from alkyl and haloalkyl; R is selected 
- CN, -CHCN, -CHCHCN, -CHCHCHCN 
CONH, 

or stated otherwise, R is selected from nitrile, acetonitrile, 
ethylnitrile, propylnitrile, carboxyamide, amidine, pyrazole, 
Oxime, hydrazone, acetamidine, acetamide, guanidine, and 
urea. In some embodiments, X is C to Chaloalkyl, and in 
Some embodiments, X is CF. In some embodiments, R is 
aminoacetamide or guanidine. Formula II also includes 
pharmaceutically acceptable salts thereof, metabolism prod 
ucts, and prodrugs thereof. 
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0.011) Another embodiment described herein is that of 
formula III: 

III 

FC N 

wherein R is selected from the group consisting of —CN, 
—CHCN, -CHCHCN, —CHCHCHCN CONH 

or stated otherwise, R is selected from nitrile, acetonitrile, 
ethylnitrile, propylnitrile, carboxyamide, amidine, pyrazole, 
oXime, hydrazone, acetamidine, acetamide, guanidine, and 
urea. In some embodiments, R is aminoacetamide or guani 
dine. Formula II also includes pharmaceutically acceptable 
salts thereof, metabolism products, and prodrugs thereof. 

0012 Some additional compounds of formula III include 
the following groups for R: 

H 
N 

O Ol SONH2, 
O 

N 
H 

SONH2, 
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0013 In another embodiment, the compounds are that of 
formula IV or V: 

IV 

FC N O 
N-N 

O 

lunt N 
H 

V 

FC N O 
N-N 

N NH 
H 2 

0014 Provided also are methods of using the compounds 
of formulae I-V to induce apoptosis in the undesirable 
proliferating cells in Subjects in need of such treatment. The 
method involves treating the subject in need of such treat 
ment with a therapeutically effective amount of a compound 
of formulae I-V or derivative, metabolites, or pharmaceuti 
cally acceptable salts thereof. 

0015 The compounds and methods described herein are 
useful for, but not limited to treating, inhibiting, or delaying 
the onset of cancers. The compounds and methods are also 
useful in the treatment of precancers and other incidents of 
undesirable cell proliferation. The compounds of formula I, 
II, III, IV or V, or combinations thereof, are administered to 
a Subject that has been diagnosed with or is at risk of 
developing a disorder characterized by undesirable cell 
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proliferation. The compounds and methods are useful for 
treating cancers including, but not limited to, leukemia, 
melanoma, non-small cell lung cancer, colon cancer, cancers 
of the central nervous system, ovarian cancer, breast cancer, 
kidney cancer, and prostate cancer. Furthermore, they are 
useful in the slowing the growth of these cancers in indi 
viduals with precancers, as well as individuals prone to or 
having a genetic predisposition to these disorders. 
0016. The compounds are useful in methods of inducing 
apoptosis in unwanted rapidly proliferating cells, the method 
comprising introducing a therapeutically effective amount of 
a compound of formula I, II, III, IV, or V to the unwanted 
rapidly proliferating cells. In accordance with this method, 
the unwanted rapidly proliferating cells may be cancer cells. 
The cancer cells may be selected from the group consisting 
of leukemia, melanoma, non-Small cell lung cancer, colon 
cancer, cancers of the central nervous system, ovarian can 
cer, breast cancer, kidney cancer, and prostate cancer. 
0017. The compounds are further useful for preventing 
restenosis in a Subject who has undergone an angioplasty or 
stent procedure comprising administering a therapeutically 
effective amount of a compound of formula I, II, III, IV, or 
V, or combinations thereof, or pharmaceutically acceptable 
salts and/or metabolites thereof to the subject who has 
undergone an angioplasty or stent procedure. 
0018. The following terms used herein include, but are 
not limited to the following definitions. 
0019. The term “PDK-1/Akt signaling inhibitor signifies 
that a specific compound or combination of compounds is 
capable of disrupting the PDK-1/Akt signaling pathway, as 
measured versus a blank, regardless of whether in vivo or in 
vitro. One method is set forth in the examples below, though 
other methods now known or later developed may also be 
used. 

0020. The term “treatment as used herein, encompasses 
the administration and/or application of one or more com 
pounds described herein, to a subject, for the purpose of 
providing prevention of or management of, and/or remedy 
for a condition. “Treatment” for the purposes of this disclo 
Sure, may, but does not have to, provide a cure; rather, 
“treatment may be in the form of management of the 
condition. When the compounds described herein are used to 
treat unwanted proliferating cells, including cancers, “treat 
ment includes partial or total destruction of the undesirable 
proliferating cells with minimal destructive effects on nor 
mal cells. A desired mechanism of treatment of unwanted 
rapidly proliferating cells, including cancer cells, at the 
cellular level is apoptosis. 
0021. The term “prevention” as used herein includes 
either preventing or slowing the onset of a clinically evident 
unwanted cell proliferation altogether or preventing or slow 
ing the onset of a preclinically evident stage of unwanted 
rapid cell proliferation in individuals at risk. Also intended 
to be encompassed by this definition is the prevention or 
slowing of metastasis of malignant cells or to arrest or 
reverse the progression of malignant cells. This includes 
prophylactic treatment of those at risk of developing pre 
cancers and cancers. Also encompassed by this definition is 
the prevention or slowing of restenosis in Subjects that have 
undergone angioplasty or a stent procedure. 
0022. The terms “therapeutically effective' and “pharma 
cologically effective' are intended to qualify the amount of 
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each agent which will achieve the goal of improvement in 
disease severity and the frequency of incidence over treat 
ment with the compounds described herein. Therapeutically 
effective or pharmacologically effective amounts may 
readily be determined by those skilled in the art. 
0023 The term “subject for purposes of treatment 
includes any human or animal Subject who has been diag 
nosed with, has symptoms of or is at risk of developing a 
disorder characterized by unwanted, rapid cell proliferation. 
Such disorders include, but are not limited to cancers and 
precancers. For methods of prevention the Subject is any 
human or animal Subject. To illustrate, for purposes of 
prevention, a Subject may be a human Subject who is at risk 
of or is genetically predisposed to obtaining a disorder 
characterized by unwanted, rapid cell proliferation, such as 
cancer. The Subject may be at risk due to exposure to 
carcinogenic agents, being genetically predisposed to disor 
ders characterized by unwanted, rapid cell proliferation, and 
so on. Besides being useful for human treatment, the com 
pounds described herein are also useful for veterinary treat 
ment of mammals, including companion animals and farm 
animals, such as, but not limited to dogs, cats, horses, cows, 
sheep, and pigs. 

0024 Dosage and Administration 
0025 Preliminary animal studies have shown that these 
compounds can be orally absorbed, can generate average 
serum concentrations several-fold higher than TGI, and 
more importantly, incur little toxicity to the animals after 
daily oral administration for one month (data not shown) 
0026. The compounds of the present invention can be 
formulated into Suitable pharmaceutical preparations such as 
tablets, capsules, or elixirs for oral administration or in 
sterile Solutions or Suspensions for parenteral administra 
tion. The therapeutic agents described herein can be formu 
lated into pharmaceutical compositions using techniques 
and procedures well known in the art. 

0027. The PDK-1/Akt signaling inhibitor described 
herein is compounded with a physiologically acceptable 
vehicle, carrier, excipient, binder, preservative, stabilizer, 
flavor, etc., in a unit dosage form as called for by accepted 
pharmaceutical practice. The amount of active Substance in 
those compositions or preparations is such that a Suitable 
dosage in the range indicated is obtained. In some embodi 
ments, the dosage may be between 0.1 to 1000 mg of the 
PDK-1/Aft signaling inhibitor. In some embodiments, the 
compositions can be formulated in a unit dosage form, each 
dosage containing from 1 to 500 mg. In other embodiments, 
the dosage may be from 10 to 100 mg of the active 
ingredient. The term “unit dosage from refers to physically 
discrete units Suitable as unitary dosages for human Subjects 
and other mammals, each unit containing a predetermined 
quantity of active material calculated to produce the desired 
therapeutic effect, in association with a suitable pharmaceu 
tical excipient. The dosage may depend on many factors, 
Such as the age and size of the Subject, the condition being 
treated, the severity of the condition, and other factors 
known to those skilled in the art. Taking those factors into 
account, dosages can be determined by those skilled in the 
art. 

0028. To prepare compositions, one or more of the thera 
peutic agents employed in the methods of the invention are 
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mixed with a suitable pharmaceutically acceptable carrier. 
Upon mixing or addition of the therapeutic agent(s), the 
resulting mixture may be a solution, Suspension, emulsion, 
or the like. These may be prepared according to methods 
known to those skilled in the art. The form of the resulting 
mixture depends upon a number of factors, including the 
intended mode of administration and the solubility of the 
compound in the selected carrier or vehicle. The effective 
concentration is Sufficient for inducing apoptosis in undes 
ired cells, such as cancer cells, and may be empirically 
determined. 

0029 Pharmaceutical carriers or vehicles suitable for 
administration of the present therapeutic agents include any 
such carriers suitable for the particular mode of administra 
tion. In addition, the active materials can also be mixed with 
other active materials that do not impair the desired action, 
or with materials that Supplement the desired action, or have 
another action. The present therapeutic agents may be for 
mulated as the sole pharmaceutically active ingredient in the 
composition or may be combined with other active ingre 
dients. Derivatives of the present therapeutic agents, such as 
salts or prodrugs, may also be used in formulating effective 
pharmaceutical compositions. 
0030 The present therapeutic agents may be prepared 
with carriers that protect them against rapid elimination 
from the body, Such as time-release formulations or coat 
ings. Such carriers include controlled release formulations, 
Such as, but not limited to, microencapsulated delivery 
systems. The active compound can be included in the 
pharmaceutically acceptable carrier in an amount Sufficient 
to exert a therapeutically useful effect in the absence of 
undesirable side effects on the patient treated. 
0031. The active ingredient may be administered at once, 
or may be divided into a number of smaller doses to be 
administered at intervals of time. It is understood that the 
precise dosage and duration of treatment is a function of the 
disease being treated and may be determined empirically 
using known testing protocols or by extrapolation from in 
vivo or in vitro test data. It is to be noted that concentrations 
and dosage values may also vary with the severity of the 
condition to be alleviated. It is to be further understood that 
for any particular subject, specific dosage regimens should 
be adjusted over time according to the individual need and 
the professional judgment of the person administering or 
Supervising the administration of the compositions, and that 
the concentration ranges set forth herein are exemplary only 
and are not intended to limit the scope or practice of the 
claimed compositions. 
0032. Oral compositions will generally include an inert 
diluent or an edible carrier and may be compressed into 
tablets or enclosed in gelatin capsules. For the purpose of 
oral therapeutic administration, the active compound or 
compounds can be incorporated with excipients and used in 
the form of tablets, capsules, or troches. Pharmaceutically 
compatible binding agents and adjuvant materials can be 
included as part of the composition. 
0033. The tablets, pills, capsules, troches, and the like can 
contain any of the following ingredients or compounds of a 
similar nature: a binder Such as, but not limited to, gum 
tragacanth, acacia, corn starch, or gelatin; an excipient Such 
as microcrystalline cellulose, starch, or lactose; a disinte 
grating agent Such as, but not limited to, alginic acid and 
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corn starch; a lubricant such as, but not limited to, magne 
sium Stearate; a glidant, such as, but not limited to, colloidal 
silicon dioxide; a Sweetening agent Such as Sucrose or 
saccharin; and a flavoring agent such as peppermint, methyl 
salicylate, or fruit flavoring. 

0034. The compounds of formulae I-V may trigger cell 
death by a number of different mechanisms, however, in 
most embodiments, the compounds of formulae I-V are able 
to induce apoptosis in unwanted, proliferative cells. The 
term "apoptosis' refers to the process of programmed cell 
death. In every person hundreds of thousands of old or 
damaged cells die each day by the process of apoptosis and 
are replaced in the ebb and flow of maintaining a constant 
number of living cells in the body. Old and damaged cells 
die in response to a signal triggered on the cell Surface for 
the targeted cell to self destruct. Apoptosis is distinguished 
from other mechanisms of cell death, such as necrosis, 
which results in inflammation including Swelling, redness, 
pain and tenderness. Apoptosis does not stimulate Such 
reactions. In apoptosis, the cells shrivel up, break into pieces 
and the contents are quietly removed by methods that do not 
induce inflammation. For these reasons, it is highly desirable 
to induce apoptosis, rather than necrosis, in rapidly prolif 
erating cells, such as cancer cells. However, mutations in 
Some cancer cells confer resistance of these cells to apop 
tosis. The compounds of formulae I-V have been found to 
induce apoptosis even in cancer cells which, because of 
mutations, are otherwise resistant to apoptosis. Apoptosis 
can be distinguished from other treatment mechanisms by 
methods such as microscopy, which are known in the art. 
0035) The terms “proliferative cells,”“proliferating cells, 
“rapidly proliferating cells,”“undesirable proliferating 
cells.“undesirable rapidly proliferating cells.“unwanted 
rapidly proliferating cells,” and the like, refer to cancer cells, 
precancer cells, and other unwanted, rapidly dividing cells in 
a Subject. 
Materials and Methods 

0036 Materials 4-5-(4-methylphenyl)-3-(trifluorom 
ethyl)-1H-pyrazol-1-ylbenzenesulfonamide was extracted 
from capsules obtained from Amerisource Health (Malvern, 
Pa.) with ethyl acetate followed by recrystallization from a 
mixture of ethyl acetate and hexane. The Cell Death Detec 
tion ELISA kit was purchased from Roche Diagnostics 
(Mannheim, Germany). Rabbit polyclonal antibodies 
against Akt and phospho-' Ser Akt were obtained from 
Cell Signaling Technologies (Beverly, Mass.). Mouse mono 
clonal anti-poly(ADPribose) polymerase (PARP) antibody 
was provided by Pharmingen (Sari Diego, Calif.). The 
PDK-1 kinase assay kit was purchased from Upstate (Lake 
Placid, N.Y.). Other chemical and biochemicals were 
obtained from Sigma-Aldrich (St. Louis, Mo.) unless oth 
erwise mentioned. Nuclear magnetic resonance spectra ("H 
NMR) were measured on Bruker 250 MHz. Chemical shifts 
(8) are reported in parts per million (ppm) relative to TMS 
peak with CDC1 as solvent unless otherwise mentioned. 
High-resolution electrospray ionization mass spectrometry 
analyses were performed with a 3-Tesla Finnigan FTMS 
2000 Fourier Transform mass spectrometer. 
Synthesis of Chemicals 
0037. The compounds listed in Table 1 were prepared and 
tested as indicated below. The chemical names, proton 
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TABLE 1-continued 
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Nomenclatures, 1H NMR (proton nuclear magnetic resonance), and HRMS (high resolution mass 
Spectrometry) characterizations of compounds 1-36. 

Compound Description 

35 4-5-(2-phenanthrenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl-phenyl-guanidine 
H-NMR 8 6.90(s, 1H), 7.19(d, J–8.7 Hz, 2H), 7.34(dd, J–8.7, 2.0Hz, 1H), 7.39(d, J–8.7 Hz, 
2H), 7.61–7.67(m, 3H), 7.79(d, J-9.0Hz, 1H), 7.84 7.91 (m, 3H), 8.62(d, J–8.3Hz, 2H), 9.95 (s, 

C2HFNs: HRMS(M+H): theoretical mass, 446.1587 (M+H); actual mass, 446.1596(M+H) 
36 4-5-(2-phenanthrenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl-phenyl-urea 

"H-NMR 8 6.98(s, 1H), 7.19(dt, J=8.9, 2.1 Hz, 2H), 7.34-7.42(m, 3H), 7.51–7.62(m, 4H), 7.70(d, 

C25H17FNO; HRMS(M+Na"): theoretical mass, 469.1252; actual mass, 469. 1199 

0038 Cell Culture PC-3 (p53-/-) human androgen-non 
responsive prostate cancer cells were purchased from the 
American Type Tissue Collection (Manassas, Va.). Cells 
were cultured in RPMI 1640 medium (Gibco, Grand Island, 
N.Y.) supplemented with 10% fetal bovine serum (FBS; 
Gibco) at 37° C. in a humidified incubator containing 5% 
CO. 
0039) Cell viability analysis The effect of 4-5-(4-meth 
ylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-ylbenzene 
sulfonamide and its derivatives on PC-3 cell viability was 
assessed by using the MTT {3-(4,5-dimethylthiazol-2-yl)- 
2.5-diphenyl-2H-tetrazolium bromidel} assay in six repli 
cates. Cells were grown in 10% FBS-supplemented RPMI 
1640 medium in 96-well, flat bottomed plates for 24 h, and 
were exposed to various concentrations of compounds 1-36 
dissolved in DMSO (final concentration s ().1%) in 1% 
serum-containing RPMI 1640 medium for different time 
intervals. Controls received DMSO vehicle at a concentra 
tion equal to that in drug-treated cells. The medium was 
removed, replaced by 200 ul of 0.5 mg/ml of MTT in 10% 
FBS-containing RPMI-1640 medium, and cells were incu 
bated in the CO incubator at 37° C. for 2 h. Supernatants 
were removed from the wells, and the reduced MTT dye was 
solubilized in 200 uL/well DMSO. Absorbance at 570 nm 
was determined on a plate reader. 
0040 Cell proliferation PC-3 cells were seeded into 
six-well plates at 50,000 cells/well in 10% FBS-containing 
RPMI 1640 medium. Following a 24 h attachment period, 
cells were treated in triplicate with the indicated concentra 
tion of compounds 1-36 or DMSO vehicle in 10% FBS 
containing RPMI-1640 medium. At different time intervals, 
cells were harvested by trypsinization, and numerated using 
a Coulter counter model Z1 DfT (Beckman Coulter, Fuller 
ton, Calif.). 
0041 Apoptosis analysis Two methods were used to 
assess drug-induced apoptotic cell death: detection of DNA 
fragmentation by the Cell Death Detection ELISA kit 
(Roche Diagnostics. Mannheim, Germany) and Western blot 
analysis of poly-(ADP-ribose)polymerase (PARP) cleavage. 
The ELISA was performed according to the manufacturers 
instructions, and is based on the quantitative determination 
of cytoplasmic histone-associated DNA fragments in the 
form of mononucleosomes or oligonucleosomes generated 
after induced apoptotic death. In brief, 4x10 PC-3 cells 
were cultured in a T-25 flask for 24 h before treatment. Cells 
were treated with the DMSO vehicle or the test agent at the 
indicated concentrations for 6-24 h, collected, and cell 

lysates equivalent to 2x10 PC-3 cells were used in the 
ELISA. For the PARP cleavage assay, drug-treated cells 
were collected 4-8 h post-treatment, washed with ice-cold 
PBS, and resuspended in lysis buffer containing 20 mM 
Tris-HCl, pH 8, 137 mM NaCl, 1 mM CaCl, 10% glycerol, 
1% Nonidet P-40, 0.5% deoxycholate, 0.1% SDS, 100 uM 
4-(2-aminoethyl)benzenesulfonyl fluoride, leupeptin at 10 
ug/mL, and aprotinin at 10 ug/mL. Soluble cell lysates were 
collected after centrifugation at 10,000 g for 5 min. Equiva 
lent amounts of proteins (60-100 ug) from each lysate were 
resolved in 8% SDS-polyacrylamide gels. Bands were trans 
ferred to nitrocellulose membranes, and analyzed by immu 
noblotting with anti-PARP antibody. 
0042 Immunoblotting. The general procedure for the 
Western blot analysis of Akt and phospho-Akt is described 
as follows. Cells were washed in PBS, resuspended in SDS 
sample buffer Sonicated by an ultrasonic Sonicator for 5 sec, 
and boiled for 5 min. After brief centrifugation, equivalent 
protein concentrations from the soluble fractions were 
resolved in 10% SDS-polyacrylamide gels on a Minigel 
apparatus, and transferred to a nitrocellulose membrane 
using a semi-dry transfer cell. The transblotted membrane 
was washed three times with TBS containing 0.05% Tween 
20 (TBST). After blocking with TBST containing 5% nonfat 
milk for 60 min., the membrane was incubated with the 
primary antibody at 1:1,000 dilution in TBST-5% low fat 
milk at 4°C. for 12 h, and was then washed three times with 
TBST. The membrane was probed with goat anti-rabbit 
IgG-HRP conjugates (1:1,000) for 1 h at room temperature, 
and was washed with TBST three times. The immunoblots 
were visualized by enhanced chemiluminescence. 
0043 PDK-1 kinase activity This in vitro assay was 
performed using a PDK-1 kinase assay kit (Upstate, Lake 
Placid, N.Y.) according to the vendors instructions. This 
cell-free assay is based on the ability of recombinant PDK-1, 
in the presence of DMSO vehicle or the test agent, to 
activate its downstream kinase serum- and glucocorticoid 
regulated kinase (SGK.) which, in turn, phosphorylates the 
Akt/SGK-specific peptide substrate RPRAATF with Y--- 
ATP. The 'P-phosphorylated peptide substrate was then 
separated from the residually-P-ATP using P81 phospho 
cellulose paper and quantitated by a Scintillation counter 
after three washes with 0.75% phosphoric acid. The reported 
values represent the means of two independent determina 
tions. 

0044) Immunoprecipitated Akt kinase assay Akt immu 
noprecipitation was carried out according to a modified, 
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published procedure. PC-3 cells were treated with DMSO 
vehicle or the test agents at the indicated concentrations for 
2 h and then lysed at 4°C for 1 h in buffer A containing 50 
mM Tris-HCl, pH 7.5, 1% Triton X-100, 1 mM EDTA, 1 
mM EGTA, 50 mM sodium fluoride, 10 mM sodium B-glyc 
erophosphate. 0.1% 2-mercaptoethanol, 0.1 mM phenylm 
ethylsulfonyl fluoride, and 1 g/mL each of aprotinin, pep 
statin, and leupeptin. Cell lysates were centrifuged at 10,000 
g for 5 min, and the Supernatant was treated with anti-Akt at 
4° C. for 60 min., followed by protein G-agarose beads for 
additional 60 min. The immunoprecipitate was used to 
analyze Akt kinase activity by using the Akt/SGK-specific 
peptide substrate RPRAATF as described above. Values 
represented the means of two independent determinations. 

0045 Statistical analysis. Each experiment was per 
formed in triplicate, unless otherwise mentioned. All experi 
ments were carried out at least two times on different 
occasions. Where appropriate, the data are presented as the 
mean +95% confidence interval. 

0046) The structure and potency in inhibiting PDK-1 
kinase activity and PC-3 cell growth of 24 representative 
derivatives are summarized in Table 2. 

TABLE 2 

Structures and potency for inhibiting recombinant PDK-1 kinase 
activity and for inducing apoptotic death in PC-3 cells for 4-5- 

(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl 
benzenesulfonamide and compounds 37–60 (1–24 

"NY 
N-N 

SONH2 

ICs (LM 

Number Air PDK-1 PC-3 

Comparative 48 30 

Compound -()– CH3 
37 42 1.8 

-( )—citan 
38 38 17 

-( )—circle 
39 32 17 

-( )—circus 
40 34 18 

-( )—circus 

TABLE 2-continued 
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Structures and potency for inhibiting recombinant PDK-1 kinase 
activity and for inducing apoptotic death in PC-3 cells for 4-5- 

(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl 
benzenesulfonamide and compounds 37–60 (1–24 

Number 

41 

42 

43 

45 

46 

47 

48 

49 

"Ny 
N-N 

SONH2 

ICso (LIM) 

Air PDK-1 PC-3 

2O 9 

-()– (CH2)3CH3 
34 18 

-( )—cio 
OO 24 11 

a 65 31 

N 
H 

( ) ( ) 21 11 
22 9 

C 18 10 

C 

C C 23 10 

C 9 5 

-O- 
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TABLE 2-continued 

Structures and potency for inhibiting recombinant PDK-1 kinase 
activity and for inducing apoptotic death in PC-3 cells for 4-5- 

(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl 
benzenesulfonamide and compounds 37–60 (1–24) 

"Ny 
N-N 

C 
SONH2 

Number Air 

50 

51 

52 

-( )-( )-cis, 
53 CH 

CH3 

S4 

55 

57 r 

58 

ICso (IM) 

PDK-1 PC-3 

15 8 

18 8 

2O 11 

17 9 

32 15 

32 15 

15 8 

16 9 

12 7 

10 
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TABLE 2-continued 

Structures and potency for inhibiting recombinant PDK-1 kinase 
activity and for inducing apoptotic death in PC-3 cells for 4-5- 

(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl 
benzenesulfonamide and compounds 37–60 (1–24 

"Ny 
N-N 

SONH2 

ICso (LIM) 

Number Air PDK-1 PC-3 

59 ( ) 9 5 

60 42 23 

0047 These compounds, except the indole derivative 44, 
showed improved PDK-1 inhibitory and anti-proliferative 
activities vis-a-vis 4-5-(4-methylphenyl)-3-(trifluorom 
ethyl)-1H-pyrazol-1-ylbenzenesulfonamide. Additionally, 
none of these compounds displayed measurable COX-2 
inhibitory activity (data not shown). A general increase in 
PDK-1 inhibitory activity was noted with increasing bulki 
ness of the aromatic ring, i.e., tricyclic aromatic rings 
(57-59) >substituted biphenyl (45-55)>substituted phenyl 
(37-42). These data Suggested that the aromatic system 
bound to a large, hydrophobic region of the enzyme pocket. 
Among the 24 analogues examined, compound 59 repre 
sented the optimal derivative with ICs values of 9 LM and 
5uM for inhibiting PDK-1 activity and PC-3 cell viability, 
respectively, as reported in Table 2. These ICso values 
corresponded to a five- to six-fold improvement over the 
activities of 4-5-(4-methylphenyl)-3-trifluoromethyl)-1H 
pyrazol-1-ylbenzenesulfonamide (48 uM and 30 M. 
respectively). However, compound 60 exhibited a decrease, 
compared with compound 59 in PDK-1 inhibitory activity, 
which might be attributable to steric hindrance imposed by 
an unfavorable orientation of the tricyclic aromatic ring. 
0.048. There existed a correlation between PDK-1 and 
PC-3 growth inhibition potency in all compounds examined, 
suggesting the mechanistic relevance of PDK-1 inhibition to 
the antiproliferative effect. Overall, the ICs value for inhib 
iting PC-3 cell proliferation was approximately one half of 
that of PDK-1 inhibition. This discrepancy might arise from 
a mechanistic synergy between PDK-1 inhibition and con 
comitant Akt dephosphorylation by protein phosphatase 2A 
(PP2A) in Aug-treated cells, resulting in augmented Akt 
deactivation. To examine this premise, PC-3 cells were 
treated with different concentrations of compound 59 for 2 
h, and the consequent effect on AM was assessed by two 
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independent assays: immunoprecipitated Akt kinase activity 
and Akt phosphorylation status. Both assays gave consistent 
results. 

0049 According to the kinase assay, the ICs of com 
pound 59 for inhibiting intracellular Akt activation was 5 
uM. Neither compound 59 nor other the other compounds 
displayed a direct inhibitory effect on immunoprecipitated 
Akt activity. Meanwhile, Western blot analysis shows that 
treatment of PC-3 cells with compound 59 at 5 uM and 
above led to significant Akt dephosphorylation. 
0050. The inhibition of PDK-1/Akt signaling led to apo 
ptotic death in PC-3 cells in 1% FBS-containing RPMI 1640 
medium in a dose-dependent manner, as was evidenced by 
DNA fragmentation and PARP cleavage. The dose of com 
pound 59 required to induce 50% PC-3 cell death at 24h was 
5uM. The ICs values for compound 59 to induce PC-3 cell 
death was consistent with that of inhibiting Akt activation in 
drug-treated cells. Furthermore, the effect of compound 59 
on PC-3 cell proliferation was examined in 10% FBS 
supplemented RPMI 1640 medium. Compound 59 at 1 uM 
showed substantial anti-proliferative activity. Together, 
these data clearly indicated the in vitro efficacy of compound 
59 in PC-3 growth inhibition. 
0051. The modeling showed that compound 59 was 
docked into the ATP-binding domain that is located within 
a deep cleft between the two lobes of PDK-1. Although 
compound 59 competed with ATP for binding, the mode of 
binding for compound 59 was found to be somewhat dif 
ferent from that of ATP. While the benzenesulfonamide 
moiety occupied the adenine-binding motif, the planar pyra 
Zole moiety was perpendicular to the ribose ring. This 
arrangement positioned the adjacent phenanthrene ring 
behind the trisphosphate-binding pocket. The phenanthrene 
ring formed hydrophobic interactions with an apolar region 
formed by residues 88-96 encompassing part of two adjacent 
3 sheets joined by a glycine-rich loop. 
0.052 Structures of twelve representative derivatives, 
their potency against PDK-1, and their ability to cause 
apoptotic death in PC-3 cells are summarized in Table 3. 

TABLE 3 

Structures and potency for inhibiting recombinant PDK-1 kinase 
activity and for inducing apoptotic death in PC-3 cells for 

compounds 25–36. The general structures of these compounds is 
shown at top. 

FC N O 
N-N 

R 

ICso (IIM 

Number R PDK-1 PC-3 

61 - CONH2, 12 7 
62 - CN 45 30 
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TABLE 3-continued 

Structures and potency for inhibiting recombinant PDK-1 kinase 
activity and for inducing apoptotic death in PC-3 cells for 

compounds 25–36. The general structures of these compounds is 
shown at top. 

FC 

N-N 

R 

ICso (IM) 

Number R PDK-1 PC-3 

63 OH 40 25 
N1 

64 HN 52 32 

N N N1 
65 OH 25 14 

N1 

us 
66 -CHEN 16 10 

V 
NH2 

67 - CHCN 42 25 

68 OH 15 8 
N1 

N-- 
69 HN 45 27 

-HC-4 Null N 

70 O 5 5 

NH2 N 
H 

C 

71 NH 2 3 

N NH2 
H 



US 2006/007.9566 A1 

TABLE 3-continued 

Structures and potency for inhibiting recombinant PDK-1 kinase 
activity and for inducing apoptotic death in PC-3 cells for 

compounds 25–36. The general structures of these compounds is 
shown at top. 

FC N O 
N-N 

R 

ICso (IIM 

Number R PDK-1 PC-3 

72 O 40 24 

N 
H 

0053 Among these derivatives, compound 70 and 71 
exhibited ICs values for PDK-1 inhibition of 5 uM and 2 
uM, respectively, which represented two- and five-fold 
increases in potency over compound 59. Compounds 70 and 
71 contained side chains of 2-aminoacetamide 
(-NHC(O)CH-NH) and guanidine (-NHC(=NH)NH), 
respectively. Like compound 59, they exhibited no appre 
ciable direct inhibition on immunoprecipitated Akt kinase 
activity, nor was any measurable COX-2 inhibitory activity 
detected at concentrations up to 50 uM. Exposure of PC-3 
cells to either agent, even at 1 LM, resulted in a substantial 
decrease in the phospho-Akt level. This improvement in 
potency reflected a strengthening of the hydrogen bonding in 
the protein-ligand interactions for these derivatives. This 
premise was supported by the modeled docking of com 
pound 71 into the ATP-binding site. The guanidino group of 
compound 71 resembled the partial structure of ATP's 
purine ring, which allowed the formation of hydrogen bonds 
with Ser160 and Ala162 as depicted by the docking model. 

0054) Cellular effects of PDK-1/Akt signaling inhibitors 
Both compounds 70 and 71 induced apoptotic death in PC-3 
cells in 1% FBS-containing medium in a dose-dependent 
manner, as was demonstrated by DNA fragmentation and 
PARP cleavage. These agents exhibited higher potency than 
compound 59 in apoptosis induction at concentrations 
greater than 2.5 uM. Moreover, these derivatives were 
submitted to the Developmental Therapeutic Program 
(DTP) at the National Cancer Institute (NCI) for screening 
against sixty human tumor cell lines, representing leukemia, 
melanoma, and cancers of the lung, colon, brain, ovary, 
breast, prostate, and kidney. Dose-response data of one 
representative cell line from each class of tumor cells after 
two-day exposure in 5% FBS-containing medium are shown 
in FIG. 1C, which include: 1, RPMI-8226 leukemia cells; 2, 
NCI-H322M non-small cell lung cancer cells; 3. HT29 

12 
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colon cancer cells; 4, U251 CNS cancer cells; 5, SK-MEL 
28 melanoma cancer cells; 6, SK-OV-3 ovarian cancer cells; 
7, RXF 393 renal cancer cells; 8, PC-3 prostate cancer cells; 
9, MDA-MB-231 breast cancer cells. Many of these cell 
lines were responsive to the growth inhibitory effect of both 
agents at concentrations as low as 0.1 uM 
0055. In the sixty cell line assay, three dose response 
parameters for each cell line were calculated based on 
growth inhibition curves. These parameters include G150 
(concentration resulting in 50% growth inhibition), TGI 
(concentration resulting in tool growth inhibition), and 
LC50 (concentration resulting in a 50% reduction in the 
measured protein level at the end of drug treatment as 
compared to that at the beginning). The means of these 
parameters among the sixty different cell lines for com 
pounds 70 and 71 after two-day treatment were as follows, 
respectively, G150: 1.1 and 1.2 uM; TGI: 3.2 and 2.9 uM: 
LC50: 24 and 8.5 uM. These data clearly demonstrate the in 
vitro efficacy of compounds 70 and 71. Both agents were 
able to completely suppress cell growth in a diverse range of 
tumor cell lines at the 3-5 uM therapeutic range. 
0056. In light of the conserved role of PDK-1/Akt sig 
naling in cancer cell Survival and proliferation, this pathway 
represents a therapeutically relevant target for developing 
orally bioavailable, small-molecule inhibitors. 
0057. In silico docking of compound 59 into the ATP 
binding pocket showed that the molecule was anchored into 
the ATP binding domain, in part, through hydrogen bonding 
between the sulfonamide and the amide of Alal62. Alal62 
has also been reported to play a key role in anchoring other 
ligands such as ATP'7 and UCN-01 to PDK-1. Together, 
these data Suggest that the Sulfonamide moiety of compound 
59 might be amenable to alterations for optimizing potency. 
0058 Accordingly, replacement of the sulfonamide func 
tion with 2-aminoacetamide ( NHC(O)CH-NH) and 
guanidine NHC(=NH)NH led to compounds 70 and 
71, respectively, both of which exhibited improved PDK-1 
inhibition with ICs values of 5 and 2 uM, respectively. 
Docking of compound 71 into the ATP binding site revealed 
the existence of an additional hydrogen bond between the 
guanidine moiety and the backbone-oxygen of Ser160, 
Suggesting that the enhancement in potency might be attrib 
utable to an increase in hydrogen bonding. The effect of 
these side chains on ligand binding, however, is subtle, as 
illustrated by the structure-activity relationship summarized 
in Table 3. 

0059) The high potency of compounds 70 and 71 in 
PDK-1 inhibition was reflected in their abilities to effec 
tively block Akt activation and to induce apoptotic cell death 
in PC-3 cells at low uM concentrations (FIG. 1A, B). More 
importantly, due to the conserved role of PDK-1/Akt sig 
naling in cell proliferation and Survival, these agents were 
potent in inhibiting cell growth in serum-containing medium 
in all 60 human tumor cell lines examined, with mean GI50 
(50% cell growth inhibition) values of 1.2 M and 1.3 uM, 
respectively, arid TGI (total growth inhibition) values of 3.2 
uM and 2.9 uM, respectively. Our preliminary animal stud 
ies have shown that these compounds can be orally 
absorbed, can generate average serum concentrations sev 
eral-fold higher than TGI, and more importantly, incur little 
toxicity to the animals after daily oral administration for one 
month (data not shown). 
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0060 Testing of in vivo efficacy against different tumor 
Xenoarafts in nude mice is currently under way in this 
laboratory. In addition, toxicological and pharmacological 
testing of these agents will be undertaken under the Rapid 
Access to Intervention Development (RAID) program at 
NCI. 

General Synthetic Procedures for Compounds 37-60 

0061 All chemical reagent and organic solvents were 
purchased from Aldrich (St. Louis, Mo.) unless otherwise 
mentioned. Compounds 1-24 were synthesized according to 
a two-step general procedure described in Scheme 1, in 
which Ar represents the respective aromatic ring structures. 

Scheme 1 

O 

CFCOOEt 
NaHFTHF 

Air He 

I 

HN-NH 

O OH 

--- SONH2 He 

FC Air CHCH-OH 
II 

FC NY Air 
N-N 

SONH2 

Compound 59 is used here as an example to illustrate the 
synthesis of the group of compounds (Scheme 2). Other 
compounds followed the same procedures via precursors 
and the respective intermediates with different aromatic ring 
structures (compounds I and II). 

Step 1 
CFCOOEt 
NaHFTHF 

2-acetylphenanthrene 
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-continued 

Step 2 
HN-NH 

FC SONH2 
He 

1,1,1-Trifluoro-4-hydroxy-4- 
phenanthren-2-yl-but-3-en-2-one 

s C 
SONH 

Compound 23 

EXAMPLE 1. 

0062 Synthesis of the 1,1,1-Trifluoro-4-hydroxy-4- 
phenanthren-2-yl-but-3-en-2-one Precursor (step 1). To a 
suspension of sodium hydride (NaH; 0.13 g, 5.4 mmol) in 5 
mL of anhydrous tetrahydrofuran (THF) was added ethyl 
trifluoracetate (CFCOOEt: 0.64g, 4.5 mmol) under argon. 
After stirring at 25°C. for 10 minutes, 2-acetylphenanthrene 
(1 g, 4.5 mmol) in 5 mL of THF was added dropwise to the 
Solution. The mixture became clear and orange-hued within 
30 minutes, and after stirring for an additional 2 hours, was 
concentrated under vacuum. The residue was suspended in 
water, and extracted with ethyl acetate (15 mL) twice. The 
organic phase was separated, dried over Sodium Sulfate, and 
concentrated to dryness under vacuum to give the product 
(yellow solid; 1.29 g, 90% yield). The product was used 
directly without further purification. 

EXAMPLE 2 

0063 Synthesis of Compound 59 (step 2). 4-Hydrazi 
nobenzene-1-sulfonamide hydrochloride (1.1 g; 4.9 mmol) 
was added to a stirred solution of 1,1,1-trifluoro-4-hydroxy 
4-phenanthren-2-yl-but-3-en-2-one (1.29 g, 4.1 mmol) in 40 
mL of ethanol. The mixture was refluxed for 12 hours, 
cooled to room temperature, and concentrated to dryness 
under vacuum. The residue was dissolved in ethyl acetate, 
and washed with water. The organic layer was dried over 
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Sodium Sulfate, and concentrated under vacuum. The crude 
product was purified by silica gel flash chromatography to 
yield 59 (1.52g, 80% yield). 

EXAMPLES 3-14 

0064 Syntheses of Compounds 61-72 Compounds 61-72 
were synthesized using 1,1,1-trifluoro-4-hydroxy-4-phenan 
thren-2-yl-but-3-en-2-one, product of the aforementioned 
step 1, as a common precursor (Scheme 3, FIG. 2.) 

EXAMPLE 3 

0065 4-5-(2-Phenanthracenyl)-3-(trifluoromethyl)-1H 
pyrazol-1-yl)-benzenecarboxamide (61) (step 3). (4-Car 
bamoylphenyl)-hydrazine hydrochloride (0.92 g, 4.9 mmol) 
was added to a stirred solution of 1,1,1-trifluoro-4-hydroxy 
4-phenanthren-2-yl-but-3-en-2-one (1.29 g, 4.1 mmol) in 40 
mL of ethanol at 25° C. The mixture was refluxed for 12 
hours, cooled to room temperature and concentrated to 
dryness under vacuum. The residue was dissolved in ethyl 
acetate, and washed with water. The organic layer was dried 
over sodium sulfate, and concentrated under vacuum. The 
crude product was purified by silica gel flash chromatogra 
phy (ethyl acetate-hexane, 1:1), yielding 61 (1 g, 60% 
yield). 

EXAMPLE 4 

0.066 4-5-(2-Phenanthrenyl)-3-(trifluoromethyl)-1H 
pyrazol-1-yl)-benzonitrile (62) (step 4). To a stirred solution 
of 1,1,1-trifluoro-4-hydroxy-4-phenanthren-2-yl-but-3-en 
2-one (2.45 g, 7.7 mmol) in 60 mL of ethanol was added 
4-cyanophenylhydrazine hydrochloride (2.53 g, 15 mmol) at 
25° C. The mixture was stirred under reflux for 12 hours, 
cooled to room temperature and concentrated to dryness 
under vacuum. The residue was dissolved in methylene 
chloride, and washed with water. The organic layer was 
dried over Sodium Sulfate, and concentrated under vacuum. 
The crude product was purified by silica gel flash chroma 
tography (ethyl-acetate-hexane, 1:4) to afford 62 (2.7 g. 85% 
yield). 

EXAMPLE 5 

0067 4-5-(2-Phenanthrenyl)-3-(trifluoromethyl)-1H 
pyrazol-1-yl)-N-hydroxybenzamidine (63) (step 5). 
Hydroxylamine hydrochloride (25 mg, 0.36 mmol) was 
added to a suspension of Na metal (8.3 mg, 0.36 mmol) in 
methanol (3 mL). The mixture was stirred at room tempera 
ture for 10 minutes. and compound 62 (1224 mg. 0.3 mmol) 
was added. The mixture was refluxed for 2 hours, then 
stirred at 25°C. for an additional 16 hours, and concentrated 
under vacuum. The residue was purified by silica gel flash 
chromatography (ethyl acetate-hexane, 1:4 to 1:1) to give 63 
(120 mg, 76% yield). 

EXMAPLE 6 

0068 5-(2-Phenanthrenyl)-3-(trifluoromethyl)-4-(1H 
tetrazol-5-ylphenyl)-1H-pyrazole (64) (step 6). A mixture 
containing compound 62 (125 mg, 0.3 mmol), NHCl (123.7 
mg), and NaNs (58.5 mg, 0.9 mmol) in 5 mL of 10% HCl 
was added, and extracted with 20 mL of methylene chloride, 
twice. The organic phase was dried over sodium sulfate, and 
concentrated to dryness under vacuum. The crude product 
was purified by silica gel flash chromatography (ethyl 
acetate-hexane 1:4) to give 64 (96 mg, 70% yield). 

EXAMPLE 7 

0069) 4-5-(2-Phenanthrenyl)-3-(trifluoromethyl)-1H 
pyraxol-1-yl)-benzaldehyde oxime (65) (step 7). DIBAL-H 
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(3.1 mL, 3.1 mmol. 1.0 M in hexane) was added dropwise 
to a solution of compound 62 (0.417 g, 1.1 mmol) in 5 mL 
THF at -40°C. The mixture was stirred for 8 hours, poured 
into 5 mL of 10% acetic acid, and stirred for 30 minutes. The 
organic layer was dried over Sodium sulfate, and concen 
trated to dryness under vacuum. The crude product was 
purified by Silica gel flash chromatography (ethyl acetate 
hexane, 1:4) to give an aldehyde intermediate (141 mg, 0.34 
mmol) that was immediately added to a solution containing 
hydroxylamide hydrochloride (211 mg) and KCO in 5 mL 
of ethanol. The mixture was stirred under reflux for 16 
hours. After removal of solvent, the residue was extracted 
with CHCl and washed with water. 

EXAMPLE 8 

0070 4-5-(2-Phenanthrenyl)-3-(trifluoromethyl)-1H 
pyrazol-1-yl)-benzaldehyde hydrazone (66) (step 8). Com 
pound 66 (124 mg. 85% yield) was synthesized in the same 
manner as 65 except that hydrazine monohydrate (153 mg, 
3.1 mmol) was used instead of hydroxylamine hydrochlo 
ride. 

EXAMPLE 9 

0.071) {4-5-(2-Phenanthrenyl)-3-(trifluoromethyl)-1H 
pyrazol-1-yl-phenyl-acetonitrile (67) (step 9). (a) Prepa 
ration of (4-Hydrazinophenyl)acetonitrile hydrochloride. A 
solution of sodium nitrite (3.15g, 45.7 mmol) in water (20 
mL) was added dropwise to a cooled (-15° C.), stirred 
Suspension of 4-aminobenzonitrile (5 g, 42.3 mmol) in a 
concentrated hydrogen chloride solution (55 mL) at Such a 
rate as to maintain a temperature below -10° C. After the 
addition was finished, the reaction mixture was quickly 
filtered to remove solids, and the filtrate was added in 
portions to a cooled (-20° C.), stirred solution of 
SnCl2.H2O (47.7 g., 0.21 mol) in a concentrated hydrogen 
chloride solution (37 mL) at such a rate as to keep the 
temperature below -10°C. After stirring the solution for an 
additional 15 minutes, the solid was collected, washed with 
diethyl ether (4x25 mL), and dried to give (4-hydrazinophe 
nyl)acetonitrile hydrochloride (5.6 g. 78%). (b) Compound 
67. A mixture of (4-hydrazinophenyl)acetonitrile hydrochlo 
ride (0.32 g, 1 mmol) and 1,1,1-trifluoro-4-hydroxy-4- 
phenanthren-2-yl-but-3-en-2-one (0.18 g, 1.1 mmol) in etha 
nol (20 mL) was stirred under reflux for 24 hours, cooled to 
room temperature, concentrated to dryness under vacuum, 
and dissolved in ethyl acetate. The organic layer was dried 
over magnesium Sulfate, and concentrated to dryness under 
vacuum. The crude product was purified by silica gel 
column chromatography (hexane-ethyl acetate, 2:1) to give 
compound 67 (0.35 g, 81% yield). 

EXAMPLE 10 

0072 2-4-5-(2-Phenanthrenyl)-3-(trifluoromethyl)- 
1H-pyrazol-1-yl-phenyl-N-hydroxy-acetamidine (68) (step 
10). A solution of compound 67 (0.43 g, 1 mmol) and 
hydroxyamine hydrochloride (0.075 g, 1.1 mmol) in ethanol 
(10 mL) was stirred under reflux for 8 hours, and concen 
trated to dryness under vacuum. The residue was dissolved 
in water, brought to pH 8-9 by addition of saurated NaHCO 
Solution, and extracted with ethyl acetate. The organic layer 
was dried over magnesium sulfate, and concentrated to 
dryness under vacuum. The crude product was recrystallized 
in diethyl ether-hexane to give compound 68 (0.32 g, 71% 
yield). 
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EXAMPLE 11 

0073 5-(2-Phenanthrenyl)-3-(trifluoromethyl)-4-(1H 
tetrazol-5-ylmethylphenyl)-1H-pyrazole (69) (step 11). A 
mixture containing compound 67 (0.43 g, 1 mmol), sodium 
azide (0.08 g, 1.2 mmol), and triethylamine hydrochloride 
(0.12 g, 1.2 mmol) in toluene (5 mL) was stirred at 100 C 
for 5 hours, cooled to room temperature, and extracted with 
water (10 mL). To the aqueous phase was added dropwise a 
36% hydrogen chloride solution to salt out the resulting 
tetrazole 69. After filtration, the solid was dried under 
vacuum, yielding compound 33 (0.39 g, 84% yield). 

EXAMPLES 12-14 

0074 1-(4-Nitrophenyl)-5-phenyl-3-(trifluoromethyl)- 
1H-pyrazole (III) (step 12). To a solution of 1,1,1-trifluoro 
4-hydroxy-4-phenanthren-2-yl-but-3-en-2-one (1.29 g, 4.1 
mmol) in 40 mL of ethanol was added 4-nitrophenylhydra 
zine hydrochloride (0.93 g, 4.9 mmol) under stirring, 
refluxed for 1 hour, cooled to room temperature, and con 
centrated to dryness under vacuum. The residue was dis 
Solved in ethyl acetate, and washed with water. The organic 
phase was dried over magnesium Sulfate, and concentrated 
to dryness under vacuum. The crude product was purified by 
silica gel column chromatography to afford compound III 
(0.88 g, 50% yield). 
0075) 4-5-(2-Phenanthrenyl)-3-(trifluoromethyl)-1H 
pyrozol-1-yl)phenylamine (IV) (step 13). To a solution of 
compound III (0.88 g, 2 mmol) in 20 mL ethanol was added 
platinum oxide (27 mg, 0.12 mmol), stirred under H at 55 
psi for 12 hours, filtered to remove the catalyst, and con 
centrated to dryness under vacuum. The crude product was 
purified by silica gel chromatography to yield compound IV 
(0.57 g., 70% yield). 

EXAMPLE 12 

0076) 2-Amino-N-(4-5-(2-phenanthrenyl)-3-(trifluo 
romethyl)-1H-pyrazol-1-yl)-phenyl-acetamide (70) (steps 
14 and 15). To a solution of t-butyloxycarbonyl (t3OC)- 
glycine (0.25 g, 1.4 mmol) and compound IV (0.57 g, 1.4 
mmol) in 10 mL of tetrahydrofuran was added 1-3-(dim 
ethylamino)propyl-3-ethylcarbodiimide hydrochloride 

Compound R 

N 
O 

73 
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(0.41 g, 2.1 mmol), stirred at 25° C. for 12 hours, and 
concentrated to dryness under vacuum in a rotary evapora 
tor. The residue was Suspended in water, and the product was 
extracted with ethyl acetate. The organic phase was dried 
over magnesium Sulfate, and concentrated to dryness under 
vacuum to give compound V (0.67 g. 85% yield). Com 
pound V (0.67 g, 1.2 mmol) was dissolved in 8 mL of ethyl 
acetate containing 0.7 mL of concentrated HCl solution, 
stirred at room temperature for 2 hours, and concentrated to 
dryness under vacuum. The crude product was purified y 
silica gel column chromatography to yield compound 70 as 
a white powder (0.49 g, 90%). 

EXAMPLE 13 

0.077 4-5-(2-Phenanthrenyl)-3-(trifluoromethyl)-1H 
pyrazol-1-yl-phenyl-guanidine (71) (step 16). To a solution 
of compound IV (0.57 g, 1.4 mmol) in 7 mL of ethanol was 
added cyanamide (89 mg, 2.1 mmol) and 1.5 mL of 1N HC1. 
The mixture was refluxed for 24 hours, and concentrated to 
dryness under vacuum. The product was purified by silica 
gel column chromatography to give compound 71 as a white 
solid (0.25 g, 40% yield). 

EXAMPLE 1.4 

0078 4-5-(2-Phenanthrenyl)-3-(trifluoromethyl)-1H 
pyrazol-1-ylphenyl urea (72) (step 17). Into a 250 mL round 
bottom flask containing acetic acid (50 mL), water (12 mL), 
and ethanol (20 mL) was added compound IV (2.25 g, 5.6 
mmol), followed by Sodium isocyanate (0.74g, 11.2 mmol). 
The reaction was stirred for 1.5 hours, and then neutralized 
with the addition of 1 N sodium hydroxide followed by 
sodium hydroxide pellets until the pH had changed to 7.0. 
The product was separated and then washed with 100 mL of 
water, dried with magnesium Sulfate, and then solvent was 
removed to obtain the crude product. Purification was per 
formed by Silica gel chromatography with (hexane-ethyl 
acetate, 3:2 to hexane-acetone, 1:3) to afford compound 72. 

EXAMPLE 1.5 

0079 Preparation of Additional Compounds The com 
pounds in Table 4 were prepared using the methods of the 
Examples above. 

TABLE 4 

Additional Compounds 

r O 
Nomenclature 

4-(5-Phenanthren-2-yl-3-trifluoromethyl-pyrazol-1-yl)-N-(4- 
Sulfamoyl-phenyl)-benzamide 

SONH2 
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TABLE 4-continued 

Additional Compounds 
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r C 
Nomenclature 

N-4-(5-Phenanthren-2-yl-3-trifluoromethyl-pyrazol-1-yl)- 
phenyl-4-sulfamoyl-benzamide 

R 

Compound R 

74 O 

N N 
H 

SONH2 

75 O 

--N-N 2 N r H 

HN 

NH2 

Sr. H 

76 

77 

2-Guanidino-N-4-(5-phenanthren-2-yl-3-trifluoromethyl 
pyrazol-1-yl)-phenyl-acetamide 

2-4-(5-Phenanthren-2-yl-3-trifluoromethyl-pyrazol-1-yl)- 
phenylamino-acetamide 

N-4-(5-Phenanthren-2-yl-3-trifluoromethyl-pyrazol-1-yl)- 
phenylcarbamoyl-methyl-benzamide 

EXAMPLE 16 

0080 Screening of compounds 70 and 71 against several 
cancer cell lines The human tumor cell lines of the cancer 
screening panel are grown in RPMI 1640 medium contain 
ing 5% fetal bovine serum and 2 mM L-glutamine. For a 
typical Screening experiment, cells are inoculated into 96 
well microtiter plates in 100 uL at plating densities ranging 
from 5,000 to 40,000 cells/well depending on the doubling 
time of individual cell lines. After cell inoculation, the 
microtiter plates are incubated at 37° C., 5% CO, 95% air 
and 100% relative humidity for 24 h prior to addition of 
experimental drugs. 

0081. After 24 h, two plates of each cell line are fixed in 
situ with TCA, to represent a measurement of the cell 
population for each cell line at the time of drug addition 
(TZ). Experimental drugs are solubilized in dimethyl sul 
foxide at 400-fold the desired final maximum test concen 
tration and stored frozen prior to use. At the time of drug 
addition, an aliquot of frozen concentrate is thawed and 
diluted to twice the desired final maximum test concentra 
tion with complete medium containing 50 ug/ml gentamicin. 
Additional four, 10-fold or % log serial dilutions are made 

O 

O 

ulu N 
H 

O 

to provide a total of five drug concentrations plus control. 
Aliquots of 100 ul of these different drug dilutions are added 
to the appropriate microtiter wells already containing 100 ul 
of medium, resulting in the required final drug concentra 
tions. 

0082 Following drug addition, the plates are incubated 
for an additional 48 h at 37° C., 5% CO, 95% air, and 100% 
relative humidity. For adherent cells, the assay is terminated 
by the addition of cold TCA. Cells are fixed in situ by the 
gentle addition of 50 ul of cold 50% (w/v) TCA (final 
concentration, 10%TCA) and incubated for 60 minutes at 4 
C. The Supernatant is discarded, and the plates are washed 
five times with tap water and air dried. Sulforhodamine B 
(SRB) solution (100 ul) at 0.4% (w/v) in 1% acetic acid is 
added to each well, and plates are incubated for 10 minutes 
at room temperature. After staining, unbound dye is 
removed by washing five times with 1% acetic acid and the 
plates are air dried. Bound stain is subsequently solubilized 
with 10 mM trizma base, and the absorbance is read on an 
automated plate reader at a wavelength of 515 nm. For 
Suspension cells, the methodology is the same except that 
the assay is terminated by fixing settled cells at the bottom 
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of the wells by gently adding 50 ul of 80% TCA (final 
concentration, 16% TCA). Using the seven absorbance 
measurements time Zero, (TZ), control growth, (C), and test 
growth in the presence of drug at the five concentration 
levels (Ti), the percentage growth is calculated at each of 
the drug concentrations levels. Percentage growth inhibition 
is calculated as: 

(Ti-Tz)/(C-Tz)x100 for concentrations for which 
Ti>f=TZ 

(Ti-Tz)/TZx100 for concentrations for which Ti-Tz 
0083. Three dose response parameters are calculated for 
each experimental agent. Growth inhibition of 50% (GIs) is 
calculated from (Ti-Tz)/(C-TZ)x100-50, which is the 
drug concentration resulting in a 50% reduction in the net 
protein increase (as measured by SRB staining) in control 
cells during the drug incubation. The drug concentration 
resulting in total growth inhibition (TGI) is calculated from 
Ti=TZ. The LCs (concentration of drug resulting in a 50% 
reduction in the measured protein at the end of the drug 
treatment as compared to that at the beginning) indicating a 
net loss of cells following treatment is calculated from 
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(Ti-Tz)/TZ)x100--50. Values are calculated for each of 
these three parameters if the level of activity is reached; 
however, if the effect is not reached or is exceeded, the value 
for that parameter is expressed as greater or less than the 
maximum or minimum concentration tested. 

0084. The methods described were used to test com 
pounds 70 and 71 on a panel of sixty cell lines under a 
screening service provided by the Developmental Therapeu 
tics Program at the National Institutes of Health. Shown in 
FIG. 1C are 1, RPMI-8226 leukemia cells; 2: NCI-H322M 
non-small cell lung cancer cells; 3, HT29 colon cancer cells; 
4, U251 CNS cancer cells; 5, SK-MEL-28 melanoma cancer 
cells; 6, SK-OV-3 ovarian cancer cells; 7, RXF 393 renal 
cancer cells; 8, PC-3 prostate cancer cells; 9, MDA-MB-231 
breast cancer cells. 

0085. Results of testing compounds 70 and 71 against the 
full 60 cell lines are shown in the tables below. The testing 
was done by the National Cancer Institute Developmental 
Therapeutics Program. The results shown are in vitro testing 
results. 

TABLE 5 

Results of testing Compound 70 against 60 cancer cell lines. 

Logl0 Concentration 

Time Mean Optical Densities Percent Growth 

Panel? Cell Line Zero Ctrl -8.0 -7.0 -6.0 -5.0 -4.0 -8.0 -7.0 -6.0 -5.0 -4.0 GISO TGI LCSO 

Leukemia 

CCRF-CEM O.29S 1.099 0.893 0.946 0.523 O.168 0.194 74 81 28 -43 -34 3.87E-O7 2.49E-06 s.1.OOE-04 
K-562 O.297 1.467 143S 1.022 O.681 0.209 O.247 97 62 33 -30 - 17 2.57E-O7 3.34E-06 s.1.OOE-04 
MOLT 4 O.313 1.048 0.964 O.951 O.614 O.18O O.296 89 87 41 -42 -6 6.36E-07 3.1OE-06 -1.OOE-04 
RPMI-8226 O.332 0.845 0.766 0.701 O.S47 0.164 O.229 85 72 42 -51 -31 S.37E-07 2.84E-O6 
SR O.364 O.902 0.816 0.796 O.60S 0.265 0.363 84 8O 45 -27 7.11E-O7 4.17E-O6 -1.OOE-04 
Non-Small Cell Lung 
Cancer 

AS49; ATCC O.363 1.279 1294 1.149 0.831. O.1SS O2S2 102 86 S1 -57 -31 O2E-06 2.96E-06 
EKVX O.SS7 O.86O O.891 O.86O O.786 0.156 O.193 110 100 7S -72 -65 49E-06 3.25E-06 7.09E-06 
HOP-62 O.S10 1.395 1.310 1.33O 1.075 O155 0.217 90 93 64 -70 -57 27E-06 3.01E-06 7.13E-O6 
HOP-92 1.07O 1526 1.509 1474 1.465 0.095 0.267 96 89 87 -91 -75 61E-06 3.07E-06 5.87E-O6 
NCI-EH226 1.190 1594 1593 1586 1.429 O.SOS 0.614 100 98 59 -58 -48 2OE-06 3.21E-06 
NCI-EH23 O.457 1.6SS 1.672 1.673 1.255 0.097 0.156 101 102 67 -79 -66 3OE-06 2.87E-06 6.33E-O6 
NCI-EH322M O.626 2.465 1363 1.562 1.42O 11OO O.269 60 51 43 -84 -57 2.18E-06 5.4OE-06 
NCI-EH460 O.319 1843 1.799 1499 1.83O O.173 0.213 97 77 34 -66 -33 4.21E-O7 2.64E-06 s.1.OOE-04 
NCI-EHS22 O.766 1549 1626 1718 1528 O.486 0.486 11O 122 97 -66 -37 95E-06 3.94E-06 
Colon Cancer 

COLO 205 O.221 1412 1.286 1252 O.916 0.104 O.239 89 87 S8 -53 1 19E-06 
HCT-116 O.114 0.708 O.751 0.665 0.452 0.104 O.146 107 93 57 -9 5 27E-06 >1.OOE-04 
HCT-15 O.279 0.875 0.76O O.S99 O.S61 0.149 0.278. 81 S4 47 -47 3.65E-07 3.19E-06 s.1.OOE-04 
HT29 O.21S 1.453 1.3SS 1.299 O.801 O.O75 0.159 92 88 47 -65 -26 858E-07 2.64E-O6 
KM12 O.535 2.184 2.151 2.044 1425 O.146 0.264 98 91 54 -73 -51 O7E-06 2.67E-06 6.62E-O6 
SW-62O O.187 1.202 1.197 1198 0.736 0.127 0.136 100 100 54 -32 -28 12E-06 4.23E-06 s.1.OOE-04 
CNS Cancer 

SF-268 O.376 1142 1.016 O.93O O.789 O2S2 0.28O 84 72 54 -33 -26 11E-O6 4.16E-06 s.1.OOE-04 
SF-295 O.421 1.224 1.173 1.190 O.915 0.225 0.287 94 96 62 -47 -32 28E-06 3.71E-06 s.1.OOE-04 
SNB-19 O.S32 1.721 1.562 1.6SS 1.230 O.219 O.324 87 94 S9 -59 -39 18E-06 3.15E-06 
U251 O.391 1301 1298 1139 O.81O O.144 O.32O 100 82 46 -63 -18 7.75E-07 2.64E-O6 
Melanoma 

LOX IMVI O.353 1.166 1204 0.974 O.742 0.176 O.352 105 76 48 -SO 8.36E-07 3.07E-06 
MALNE-3M O.666 1165 1.123 1.128 1102 0.218 O.290 92 93 87 -67 -56 1.74E-06 3.67E-06 7.73E-06 
M14 O.315 0.986 O.975 0.974 O.916 0.211 O.256 98 98 90 -33 -19 21 OE-06 5.37E-06 s.1.OOE-04 
SK-MEL-2 O456 O.883 0.943 O.956 O.885 0.289 0.33O 114 117 100 -67 -28, 2.33E-06 5.4OE-06 -1.OOE-04 
SK-MEL-28 O53O 1482 1426 132O 1130 O.O71 O.218 94 83 63 -87 -59 122E-06 2.64E-O6 5.69E-06 
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0087. The examples described herein are meant to be 
illustrative of the synthesis and applications of the com 
pounds described. The examples are not meant to limit the 
scope of the invention described herein. 
The invention claimed is: 

1. A compound of formula I 

^^ - 
N-N 

wherein 

X is selected from the group consisting of alkyl and 
haloalkyl: 

Ar is selected from the group consisting of phenyl, 
biphenyl, naphthyl, anthryl, phenanthryl, and fluorenyl, 

R is selected from the group consisting of —CN, 
—CHCN, -CHCHCN, -CHCHCHCN 
CONH, 

OH OH 
N 1 HN- N 1. 

s s 

OH 1. 
HN 

-CHEN N NN -y Nulls HC-4 
NH2, NH2, N-N, 

O NH 

NH2, --N. and N-- N 
H H 

O 

NH2: N-- 
H 

or metabolites or pharmaceutically acceptable salts 
thereof: 

2. The compound of claim 1 wherein X is C to C. 
haloalkyl. 

3. The compound of claim 2 wherein X is CF. 
4. The compound of claim 1, wherein Ar is substituted at 

any substitutable position with one or more radicals selected 
from the group consisting of halo, C-C alkyl, C-C, 
haloalkyl, azido, C-C azidoalkyl, aryl, akylaryl, haloaryl, 
haloalkylaryl, and combinations thereof. 

5. The compound of claim 1 wherein Ar is selected from 
the group consisting of 2-naphthyl, 4-biphenyl, 9-anthryl, 
2-fluorenyl, 4-azidophenyl, 4-azidomethylphenyl, 4-(2-azi 
doethyl)phenyl, 4-(3-azidopropyl)phenyl, 4-(4-azidobu 
tyl)phenyl, 4-(4-azidophenyl)phenyl, 4-(4-azidomethylphe 
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nyl)phenyl, 4-methylphenyl, 4-ethylphenyl, 4-propylphenyl, 
4-butylphenyl, 4-(2-bromoethyl)phenyl, 4-(3-bromopropy 
1)phenyl, 4-(4-bromobutyl)phenyl, 4-(trifluoromethyl)phe 
nyl, 4-(4-methylphenyl)phenyl, 4-(4-bromomethylphe 
nyl)phenyl, 4-(4-butylphenyl)phenyl, 4-(4-tert 
butylphenyl)phenyl, 2-chlorophenyl, 4-chlorophenyl, 2,4- 
dichlorophenyl, 3,4-dichlorophenyl, 2,5-dichlorophenyl, 
2,4-dimethylphenyl, 2,5-dimethylphenyl, 3,4-dimethylphe 
nyl, 3,5-dimethylphenyl, 4-(4-chlorophenyl)phenyl, 4-(3.5- 
dichlorophenyl)phenyl, 4-(2,3-dichlorophenyl)phenyl, 4-(3. 
5-dimethylphenyl)phenyl, 4-(2,4,5-trichlorophenyl)phenyl, 
4-(4-trifluoromethylphenyl)phenyl, 2-phenanthrenyl, 3-in 
dolyl, 2-pyrrolyl, and 4-(benzyl)phenyl. 

6. The compound of claim 5 wherein Ar is selected from 
the group consisting of 4-(2-bromoethyl)phenyl, 4-(3-bro 
mopropyl)phenyl, 4-(2-azidoethyl)phenyl: 4-(3-azidopropy 
1)phenyl, 4-butylphenyl, 4-t-butylphenyl, 2-naphthalenyl, 
3-indolyl, 4-biphenylyl 4'-chloro1,1'-biphenyl-4-yl. 3',5'- 
dichloro1,1'-biphenyl-4-yl, 2',3'-dichloro1,1'-biphenyl 
4-yl 4'-methyl1,1'-biphenyl-4-yl 4'-trifluoromethyl1,1'- 
biphenyl-4-yl 4'-bromomethyl1,1'-biphenyl-4-yl. 3',5'- 
dimethyl1, 1'-biphenyl-4-yl 4'-butyl 1, 1'-biphenyl-4-yl, 
4'-tert-butyl 1, 1'-biphenyl-4-yl 4-(phenylmethyl)phenyl, 
9H-fluoren-2-yl, 9-anthracenyl, 2-phenanthrenyl, 9-phenan 
threnyl. 

7. The compound of claim 6 wherein Ar is 2-phenanthre 
nyl. 

8. The compound of claim 1 wherein R is selected from 
aminoacetamide and guanidine. 

9. The compound of claim 1 wherein X is CF, Ar is 
2-phenanthrenyl, and R is selected from aminoacetamide 
and guanidine. 

10. A compound of formula 2 

II 

X is selected from the group consisting of alkyl and 
haloalkyl: 

R is selected from the group consisting of —CN, 
—CHCN, -CHCHCN, -CHCHCHCN 
CONH, 

OH OH 
N 1 HN- N N 1 

ul NH2, N-1 H 
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-continued 
OH 1. 

N HN 
-CHEN o NN -v Nulls HC-4 NH2, NH2, N - , 

O NH 

NH2, --- NH2, and N --- N N 
H H 

O 

NH2: N --- 
H 

or metabolites or pharmaceutically acceptable salts 
thereof. 

11. The compound of claim 10 wherein X is C to C 
haloalkyl. 

12. The compound of claim 11 wherein X is CF. 
13. The compound of claim 10 wherein R is selected from 

aminoacetamide and guanidine. or a pharmaceutically 
acceptable salt thereof. 

14. A compound of formula III: 

III 

FC N 

X is selected from the group consisting of alkyl and 
haloalkyl: 

R is selected from the group consisting of —CN, 
—CHCN, -CHCHCN, -CHCHCHCN 
CONH, 

OH OH 
N 1. HN- N N 1. 

NH2, N H 

OH 
N1 HN 
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-continued 

NH2: N -- 

or metabolites or pharmaceutically acceptable salts 
thereof. 

15. The compound of claim 14 wherein X is C to C. 
haloalkyl. 

16. The compound of claim 15 wherein X is CF. 
17. The compound of claim 14 wherein R is selected from 

aminoacetamide and guanidine. or a pharmaceutically 
acceptable salt thereof. 

18. A compound of formula IV: 

IV 

FC N 

O 

N 
H 

or metabolites or pharmaceutically acceptable salts thereof. 
19. A compound of formula V 

FC N 

NH 

ls 
N NH 
H 2 

or metabolites or pharmaceutically acceptable salts thereof. 
20. A method of inducing apoptosis in unwanted rapidly 

proliferating cells, the method comprising the step of con 
tacting a therapeutically effective amount of a compound of 
formula I 
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sy 
N-N 

wherein 

X is selected from the group consisting of alkyl and 
haloalkyl; 

Ar is selected from the group consisting of phenyl, 
biphenyl, naphthyl, anthryl, phenanthryl, and fluorenyl: 

R is selected from the group consisting of -CN. 
-CHCN, -CHCHCN, -CHCHCHCN 
CONH 

or metabolites or pharmaceutically acceptable salts 
thereof, with the rapidly proliferating cells. 

21. The method of claim 20, wherein the rapidly prolif 
erating cells are cancer cells, wherein the cancer cells are 
selected from the group consisting of leukemia, non-small 
cell lung cancer, colon cancer, central nervous system can 
cer, melanoma, ovarian cancer, renal cancer, prostate cancer, 
and breast cancer. 

22. The method of claim 20 wherein the compound is 
selected from compounds IV and V 

Apr. 13, 2006 

FC N O 
\- 

C lunt, 
S-C 
-N 

FC 

N NH 
H 2 

or a combination thereof, or metabolites or pharmaceutically 
acceptable salts thereof. 

23. A method for treating, inhibiting, or delaying the onset 
of cancer, wherein the cancer is selected from the group 
consisting of leukemia, non-small cell lung cancer, colon 
cancer, central nervous system cancer, melanoma, ovarian 
cancer, renal cancer, prostate cancer, and breast cancer, in a 
subject in need of such treatment, the method comprising 
administering a therapeutically effective amount of a com 
pound of formula I: 

wherein 

X is selected from the group consisting of alkyl and 
haloalkyl; 

Ar is selected from the group consisting of phenyl, 
biphenyl, naphthyl, anthryl, phenanthryl, and fluorenyl: 

R is selected from the group consisting of -CN. 
CHCN, CHCHCN, -CHCHCHCN 
CONH 
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or metabolites or pharmaceutically acceptable salts 
thereof, to the subject in need of such treatment. 

24. The method of claim 23 wherein the compound is 
selected from compounds IV and V 

IV 

FC N 

N-N 

O 

N 
H 

V 

FC N 

N-N 

NH 

N NH2 
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or a combination thereof, or metabolites or pharmaceutically 
acceptable salts thereof. 

25. The method of claim 23 wherein the subject is a 
human. 

26. A method for preventing restenosis in a Subject that 
has undergone an angioplasty or stent procedure, the method 
comprising administering a therapeutically effective amount 
of a compound of formula I: 

^^ - 
N-N 

wherein 

X is selected from the group consisting of alkyl and 
haloalkyl: 

Ar is selected from the group consisting of phenyl, 
biphenyl, naphthyl, anthryl, phenanthryl, and fluorenyl, 

R is selected from the group consisting of —CN, 
—CHCN, - CHCHCN, - CHCHCHCN 
CONH, 

OH OH 
N1 NNN N1 

us & l us NH2, N H 

OH 1 

CHEN N -K H - HC 

YH N-- 2 N -N 2: 2: N s 

O NH 

NH2, lunt. and N-- 2 N 2 
H H 

or metabolites or pharmaceutically acceptable salts 
thereof, to the subject in need of such treatment. 


