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ABSTRACT 
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treatment of p53-rnediated diseases, conditions, and injuries 
is disclosed. 
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P53 INHIBITORS AND THERAPEUTIC USE OF 
THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of provisional 
application Ser. No. 60/117,881, ?led Jan. 29, 1999. 

FIELD OF THE INVENTION 

[0002] The present invention relates to temporary p53 
inhibitors and their use in therapy, for example, in cancer 
treatment, in modifying tissue response to a stress, and in 
modifying cell aging. More particularly, the present inven 
tion relates to compounds having the ability to effectively 
and temporarily inhibit p53 activity, and that can be used 
therapeutically, alone or in conjunction With a therapy, like 
chemotherapy or radiation therapy during cancer treatment, 
to treat a disease or condition Where temporary inhibition of 
p53 activity provides a bene?t. Examples of compounds that 
temporarily inhibit p53 activity and can be used therapeu 
tically have the folloWing general structural formulae (I) 
through (IV): 

(1) 

[0003] 
thereof. 

and pharmaceutically acceptable salts and hydrates 

BACKGROUND OF THE INVENTION 

[0004] The p53 gene is one of the most studied and 
Well-knoWn genes. p53 plays a key role in cellular stress 
response mechanisms by converting a variety of different 
stimuli, for example, DNA damage, deregulation of tran 
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scription or replication, and oncogene transformation, into 
cell groWth arrest or apoptosis (T. M. Gottlieb et al., Bio 
chem. Biophys. Acta, 1287, p. 77 (1996)). 

[0005] p53 has a short half-life, and, accordingly, is con 
tinuously synthesiZed and degraded in the cell. HoWever, 
When a cell is subjected to stress, p53 is stabiliZed. Examples 
of cell stress that induce p53 stabiliZation are: 

[0006] a) DNA damage, such as damage caused by 
UV (ultraviolet) radiation, cell mutations, chemo 
therapy, and radiation therapy; 

[0007] b) hyperthermia; and 

[0008] c) deregulation of microtubules caused by 
some chemotherapeutic drugs, e.g., treatment using 
taxol or Vinca alkaloids. 

[0009] When activated, p53 causes cell groWth arrest or a 
programmed, suicidal cell death, Which in turn acts as an 
important control mechanism for genomic stability. In par 
ticular, p53 controls genomic stability by eliminating geneti 
cally damaged cells from the cell population, and one of its 
major functions is to prevent tumor formation. 

[0010] p53 is inactivated in a majority of human cancers 
(A. J. Levine et al., Br. J. Cancer; 69, p. 409 (1994) and A. 
M. Thompson et al., Br. J. Surg, 85, p. 1460 (1998)). When 
p53 is inactivated, abnormal tumor cells are not eliminated 
from the cell population, and are able to proliferate. For 
example, it has been observed that p53-de?cient mice 
almost universally contract cancer because such mice lack a 
gene capable of maintaining genomic stability (L. A. Done 
hoWer et al., Nature, 356, p. 215 (1990) and T. Jacks et al., 
Curr. Biol, 4, p. 1 (1994)). A loss or inactivation of p53, 
therefore, is associated With a high rate of tumor progression 
and a resistance to cancer therapy. 

[0011] p53 also imparts a high sensitivity to several types 
of normal tissue subjected to genotoxic stress. Speci?cally, 
radiation therapy and chemotherapy exhibit severe side 
effects, such as severe damage to the lymphoid and hemato 
poietic system and intestinal epithelia, Which limit the 
effectiveness of these therapies. Other side effects, like hair 
loss, also are p53 mediated and further detract from cancer 
therapies. These side effects are caused by p53-mediated 
apoptosis, Which maps tissues suffering from side effects of 
cancer therapies. Therefore, to eliminate or reduce adverse 
side effects associated With cancer treatment, it Would be 
bene?cial to inhibit p53 activity in normal tissue during 
treatment of p53-de?cient tumors, and thereby protect nor 
mal tissue. 

[0012] HoWever, loss of p53 activity in tumors is associ 
ated With faster tumor progression and resistance to cancer 
treatment. Therefore, conventional theories dictate that sup 
pression of p53 Would lead to disease progression and 
protection of the tumor from a cancer therapy. Consequently, 
prior investigators attempted to restore or imitate the func 
tion of p53 in the prevention or treatment of a cancer. 

[0013] Inactivation of p53 has been considered an unde 
sirable and unWanted event, and considerable effort has been 
expended to facilitate cancer treatment by restoring p53 
function. HoWever, p53 restoration or imitation causes the 
above-described problems With respect to damaging normal 
tissue cells during chemotherapy or radiation therapy. These 
normal cells are subjected to stress during cancer therapy, 
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Which leads the p53 in the cell to cause a programmed death. 
The cancer treatment then kills both the tumor cells and the 
normal cells. Adiscussion With respect to suppression of p53 
in various therapies is set forth in the publication, E. A. 
Komarova and A. V. Gudkov, “Could p53 be a target for 
therapeutic suppression?,”Seminars in Cancer Biology, Vol. 
8(5), pages 389-400 (1998), incorporated herein by refer 
ence. 

[0014] In summary, p53 has a dual role in cancer therapy. 
On one hand, p53 acts as a tumor suppressor by mediating 
apoptosis and groWth arrest in response to a variety of 
stresses and controlling cellular senescence. On the other 
hand, p53 is responsible for severe damage to normal tissues 
during cancer therapies. As disclosed herein, the damage 
caused by p53 to normal tissue made p53 a potential target 
for therapeutic suppression. In addition, because more than 
50% of human tumors lack functional p53, suppression of 
p53 Would not affect the efficacy of a treatment for such 
tumors, and Would protect normal p53-containing tissues. 

[0015] The adverse effects of p53 activity on an organism 
are not limited to cancer therapies. p53 is activated as a 
consequence of a variety of stresses associated With injuries 
(e. g., burns) naturally occurring diseases (e. g., hyperthermia 
associated With fever, and conditions of local hypoxia asso 
ciated With a blocked blood supply, stroke, and ischemia) 
and cell aging (e.g., senescence of ?broblasts), as Well as a 
cancer therapy. Temporary p53 inhibition, therefore, also 
can be therapeutically effective in: (a) reducing or eliminat 
ing p53-dependent neuronal death in the central nervous 
system, i.e., brain and spinal cord injury, (b) the preservation 
of tissues and organs prior to transplanting, (c) preparation 
of a host for a bone marroW transplant, and (d) reducing or 
eliminating neuronal damage during seiZures, for example. 
[0016] Activated p53 induces groWth arrest, Which often is 
irreversible, or apoptosis, thus mediating damage of normal 
tissues in response to the applied stress. Such damage could 
be reduced if p53 activity is temporarily suppressed shortly 
before, during, or shortly after, a p53-activating event. These 
and other p53-dependent diseases and conditions, therefore, 
provide an additional area for the therapeutic administration 
of temporary p53 inhibitors. p53 also plays a role in cell 
aging, and, accordingly, aging of an organism. In particular, 
morphological and physiological alterations of normal tis 
sues associated With aging may be related to p53 activity. 
Senescent cells that accumulate in tissues over time are 
knoWn to maintain very high levels of p53-dependent tran 
scription. p53-dependent secretion of groWth inhibitors by 
senescent cells accumulate in aging tissue. This accumula 
tion can affect proliferating cells and lead to a gradual 
decrease in overall proliferative capacity of tissues associ 
ated With age. Suppression of p53 activity, therefore, is 
envisioned as a method of suppressing tissue aging. 

[0017] HoWever, there are several important objectives 
that should be satis?ed before a therapy involving suppres 
sion of p53 is implemented, for example: 
[0018] providing a p53 inhibitor that is sufficiently 
efficacious in viva for practical administration as a thera 

peutic drug (i.e., inhibits p53 activity in a micromolar range of concentrations); 

[0019] (ii) providing a p53 inhibitor that has a sufficiently 
loW toxicity for use in therapy, and also does not cause 
undesirable side effects at concentrations sufficient to inhibit 
p53 activity; 
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[0020] (iii) exhibiting a p53 inhibition that is reversible 
because long-term p53 inactivation can signi?cantly 
increase the risk of cancer; 

[0021] (iv) during temporary p53 inhibition, the cells 
should recover from the applied stress and the p53-activat 
ing signal should be eliminated or reduced, otherWise res 
toration of p 53 activity While the p53-activating signal is 
active could result in cell damage; and 

[0022] (v) the p53 suppression therapy is not associated 
With a dramatic increase in the frequency of cancer devel 
opment, i.e., the therapeutic inhibitors target p53-mediated 
control of cellular response to stress, but do not affect 
p53-mediated control of oncogene transformation. 

[0023] Until the present invention, p53 inhibitors useful in 
therapeutic applications have not been disclosed. Apotential 
therapeutic inhibitor of p53 is a compound that acts at any 
stage of the p53 signaling pathWay, and leads to functional 
inactivation of a p53-mediated response (i.e., blocking of 
p53-dependent groWth arrest, apoptosis, or both). Prior 
investigators did not consider therapeutic p53 inhibitors 
because therapeutic p53 suppression Was considered a dis 
advantage leading to the onset and proliferation of cancerous 
tumors. The present invention, therefore, is directed to the 
therapeutic and temporary inhibition of p53 activity, and to 
compounds capable of such inhibition. 

SUMMARY OF THE INVENTION 

[0024] The present invention is directed to the inhibition 
of p53 activity in therapeutic applications. The present 
invention also is directed to compounds that effectively and 
temporarily inhibit p53 activity, and to the therapeutic use of 
such temporary p53-inhibiting compounds. 

[0025] Therefore, one aspect of the present invention is to 
provide p53 inhibitors that reversibly inhibit p53 activity 
and can be used therapeutically, for example, a compound 
having the general structural formulae (I) through (IV): 

(1) 
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-continued 
(IV) 

[0026] wherein X is O, S, or NH, 

[0027] 
[0028] n is 1 to 4, 

[0029] R1 and R2, independently, are selected from 
the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, aryl, aralkyl, alkaryl, a heterocycle, het 
eroaryl, heteroaralkyl, haloalkyl, haloaryl, alkoXy, 
aryloXy, alkoxyalkyl, aryloXyalkyl, aral-koxyalkyl, 
halo, (alkylthio)alkyl, (arylthio)alkyl, and (aralkylth 
io)alkyl, 

[0030] or R1 and R2 are taken together to form an 
aliphatic or aromatic, 5 to 8-membered ring, either 
carbocyclic or heterocyclic; 

mis0or1, 

[0031] R3 is selected from the group consisting of hydro 
gen, alkyl, haloalkyl, alkenyl, alkynyl, aryl, aralkyl, 
haloaryl, heteroaralkyl, a heterocycle, alkoxy, aryloXy, halo, 
NR4R5, NHSO2NR4R5, NHSOZR“, and SO2NR4R5; and 

[0032] R4 and R5, independently, are selected from 
the group consisting of hydrogen, alkyl, aryl, het 
eroaryl, and a heterocycle, 

[0033] or R4 and R5 are taken together to form an 
aliphatic or aromatic, 5- to 8-membered ring, either 
carbocyclic or heterocyclic; and 

[0034] pharmaceutically acceptable salts and hydrates 
thereof. 

[0035] Another aspect of the present invention is to pro 
vide a method of reducing or eliminating death of normal 
cells attributable to treatment of a disease or condition 
comprising administering a therapeutically effective amount 
of a temporary p53 inhibitor to a mammal to reversibly 
inhibit p53 activity. 

[0036] Yet another aspect of the present invention is to 
provide a method of reducing or eliminating normal cell 
death attributable to a trauma or contraction of a disease 
comprising administering a therapeutically effective amount 
of a temporary p53 inhibitor to a mammal to reversibly 
inhibit p53 activity. 

[0037] Another aspect of the present invention is to pro 
vide a method of reducing or eliminating damage to normal 
tissue attributable to a treatment for a p53-de?cient cancer 
comprising administering a therapeutically effective amount 
of a temporary p53 inhibitor to a mammal to reversibly 
inhibit p53 activity. 

[0038] Still another aspect of the present invention is to 
provide an improved cancer treatment composition compris 
ing: 
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[0039] (a) a chemotherapeutic drug, and 

[0040] (b) a temporary p53 inhibitor. 

[0041] Another aspect of the present invention is to pro 
vide an improved method of treating cancer comprising 
administration of a sufficient radiation dose to a mammal to 
treat a cancer, and administration of a therapeutically effec 
tive amount of a temporary p53 inhibitor to the mammal to 
reversibly inhibit p53 activity. 

[0042] Another aspect of the present invention is to pro 
vide a method of preventing cell death attributable to a 
stress-inducing event effecting the cell, said method com 
prising treating the cell With a therapeutically effective 
amount of a compound capable of reversibly inhibiting p53 
activity in the cell. 

[0043] Another aspect of the present invention is to pro 
vide a pharmaceutical composition for treating a disease 
comprising 

[0044] (a) a drug capable of treating the disease, and 

[0045] (b) a temporary p53 inhibitor. 

[0046] Another aspect of the present invention is to pro 
vide a pharmaceutical composition comprising 

[0047] (a) a temporary p53 inhibitor, and 

[0048] (b) a carrier. 

[0049] Another aspect of the present invention is to pro 
vide a method of modulating tissue aging comprising treat 
ing the tissue With a therapeutically effective amount of a 
compound capable of reversibly inhibiting p53 activity. 

[0050] Another aspect of the present invention is to pro 
vide a method of treating a mammal subjected to a dose of 
radiation comprising administering to the mammal of a 
therapeutically effective amount of a compound capable of 
reversibly inhibiting p53 activity to protect radiated mam 
mal. 

[0051] Yet another aspect of the present invention is to 
provide a method of sensitiZing p53-de?cient cells to a 
cancer therapy comprising administering a therapeutically 
effective amount of a compound capable of reversibly 
inhibiting p53 activity to a mammal, in conjunction With the 
cancer therapy, to destroy cells that otherWise are unaffected 
by the cancer therapy. 

[0052] Another aspect of the present invention is to pro 
vide an improved method of treating cancer comprising 
administration of a therapeutically effective amount of a 
chemotherapeutic agent to a mammal to treat a cancer, and 
administration of a therapeutically effective amount of a 
temporary p53 inhibitor to the mammal to reversibly inhibit 
p53 activity, Wherein the dose of the chemotherapeutic agent 
is greater than a dose of the identical chemo-therapeutic 
agent required to treat the cancer in the absence of the p53 
inhibitor. 

[0053] These and other aspects of the present invention 
Will become apparent from the folloWing nonlimiting, 
detailed description of the preferred embodiments. 

BRIEF DESCRIPTION OF THE FIGURES 

[0054] FIG. 1 illustrates screening of a chemical library 
for a p53 inhibitor; 
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[0055] FIGS. 2(a) and (b), respectively, show the depen 
dence of [3-galactosidase activity in UV-irradiated Con A 
cells at 10, 20, and 30 pM and PFT-ot inhibition of p53 
responsive genes; 

[0056] FIG. 3 illustrates suppression of p53-dependent 
apoptosis by PFT-ot administration; 

[0057] FIG. 4 illustrates the speci?city of PFT-ot for p53 
Wild-type cells; 

[0058] FIGS. 5(a) and (b) illustrate that PFT-ot delays 
aging of rat embryo ?broblasts in vitro; 

[0059] FIGS. 6(a)-(e) illustrate the effects of PFT-ot on the 
p53 pathWay; 
[0060] FIGS. 7(a)-(a') contain plots of live animals vs. 
days after irradiation, and a plot of Weight (%) vs. days after 
irradiation, for mice subjected to gamma radiation, and 
either treated or untreated With PFT-ot; 

[0061] FIG. 8 contains autoradiograms illustrating the 
effects of PFT-ot in blocking p53-mediated groWth arrest in 
viva; 
[0062] FIG. 9 shoWs the small intestine of p53 Wild-type 
mice 24 hours after Whole-body gamma radiation; 

[0063] FIG. 10 illustrates the selective toxicity of PFT-ot 
to p-53-de?cient cells treated With taXol and AraC; 

[0064] FIGS. 11(a) and (b) shoW the effect of PFT-ot, and 
time of application, on the survival of C8 cells after UV 

radiation; 
[0065] FIG. 12(a) and (b) are plots of colony number vs. 
radiation dose for C8 and A4-type cells and for human 
diploid ?broblasts shoWing the effect of PFT-ot; 

[0066] FIGS. 13(a) and (b) are plots of number of animals 
vs. days after irradiation shoWing that PFT-ot and PFT-B, 
treated animals are not accompanied by accelerated cancer 
development; 
[0067] FIG. 14 illustrates p53 suppression by PFT-ot and 
86B10 in ConA cells treated With doXorubicin; 

[0068] FIG. 15 is a plot of tumor volume vs. days for 
C57BC mice subjected to treatment With cyclophosphamide, 
With and Without administration of PFT-B; and 

[0069] FIG. 16 compares the toXicity of PFT-ot to PFT-B. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0070] As previously stated, the effectiveness of chemo 
and radiation therapy has been limited by severe side effects 
to normal tissue, including injuries to hematopoietic and 
lymphoid systems, intestinal epithelia, and testicular cells. 
Because p53 is involved in the induction of such injuries, 
p53 Was investigated as a potential target for therapeutic 
suppression to decrease damage to normal tissue. p53 sup 
pression therapy is especially useful in the treatment of 
tumors that lack functional p53, and therefore that cannot 
bene?t from additional p53 suppression. p53 performs an 
important function by eliminating damaged and potentially 
dangerous cells by forcing the cell to give its oWn life for the 
bene?t of the entire cell society of the organism. Inhibiting 
p53 activity during cancer therapy could lead to the survival 
of genetically altered cells, Which otherWise Would be elimi 
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nated by p53-dependent groWth arrest or apoptosis. There 
fore, p53 suppression has an inherent danger that damaged 
cells Will not self-destruct and, therefore, can proliferate. 
This can increase the risk of a neW cancer induced by 
suppression of p53 activity. 

[0071] It has been found that this inherent danger is offset 
by providing a temporary, or reversible, inhibition of p53 
activity, Which alloWs a damaged normal cell to repair itself 
during the period of p53 inhibition. When the effects of the 
p53 inhibitor have diminished or terminated, p53 then is 
available to perform its normal function. 

[0072] This mechanism is bene?cial in cancer treatment, 
especially during the acute phase treatment of a p53-de? 
cient cancer, Wherein normal cells are affected during a 
cancer treatment, e.g., chemo- or radiation therapy. In turn, 
the severe adverse side-effects attributed to the cancer 
treatment are reduced or eliminated. 

[0073] As also stated previously, a p53 inhibitor useful in 
therapy is efficacious at a loW concentration, is loW in 
toXicity, does not cause undesirable side effects at therapeu 
tically effective concentrations, eXhibits reversible, i.e., tem 
porary, p53 inhibition, inhibits p53 for a suf?cient time to 
alloW normal cells to recover from an applied stress, and 
does not cause a signi?cant increase in cancer development. 

[0074] The term “temporary” or “reversible” inhibition of 
p53 activity as used herein means inhibition of p53 activity 
shortly after administration of a p53 inhibitor, e.g., about 5 
minutes to about one hour after administration, and continu 
ing for about 24 to about 96 hours after administration of the 
p53 inhibitor is completed. 

[0075] In identifying useful therapeutic p53 inhibitors, an 
important consideration is that activation of p53 leads to 
transactivation of p53-responsive genes, and in some cell 
types results in apoptosis. Suppression of these effects can 
be used to identify therapeutic p53 inhibitors. 

[0076] In particular, p53 acts as a nuclear transcription 
factor that activates or suppresses a number of p53-respon 
sive genes through binding With speci?c DNA sequences. 
Transcriptional activation of p53-responsive reporter beta 
galactosidase gene (LacZ) in transgenic mice maps the 
tissues affected to side effects of a cancer therapy. Cell lines 
expressing reporter genes (e.g., lacZ, luciferase, GFP, and 
secreted factors) under the control of p53-responsive pro 
moters, therefore, can be used to screen compounds capable 
of either activating or suppressing p53 transcriptional regu 
lation. 

[0077] Speci?cally, a p53 Wild-type Balb 3T3 cell line 
ConA that contains LacZ gene under the control of p53 
responsive elements consisting of a p53-binding DNA con 
sensus sequence, p53-binding site from ribosomal protein 
promoter in combination With minimal heat shock gene 
promoter Was used. p53 activation in these cells by gamma 
irradiation, UV light, or treatment With various chemothera 
peutic drugs leads to accumulation of beta-galactosidase that 
can be detected easily by routine X-gal staining. 

[0078] This system has been used previously to identify 
the inhibition of p53 activity by sodium salicylate. Sodium 
salicylate, hoWever, is not a viable candidate as a therapeu 
tically useful p53 inhibitor because sodium salicylate is 
therapeutically effective only at high concentrations starting 
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at 20 mM (millimolar). At this therapeutically effective 
concentration, and even at one-half of the effective concen 
tration, sodium salicylate injections Were lethal to all treated 
test animals. 

[0079] A screening program to detect p53 inhibitors iden 
ti?ed the following classes of compounds as possessing 
properties that make the compounds useful in therapeutic 
applications. In particular, the folloWing classes of com 
pounds effectively and reversibly inhibit p53 activation. As 
discussed in more detail hereafter, the compounds can be 
used alone, or, for example, in conjunction With chemo 
therapy or radiation therapy during cancer treatment, to 
protect normal cells from p53 programmed death due to 
stresses in?icted by a cancer treatment or by a disease or 
trauma. In addition, during chemotherapy, both tumor and 
normal cells are destroyed. Tumor cells are preferentially 
killed compared to normal cells, Which is the basis of a 
successful chemotherapy. By administering a therapeutic 
p53 inhibitor, normal cells are protected, and the dose of the 
chemotherapeutic agent, therefore, can be increased to more 
effectively treat the cancer. 

[0080] Examples of therapeutically effective, temporary 
p53 inhibitors have the general structural formulae (I) 
through (IV): 

(1) 

[0081] Wherein X is O, S, or NH, 

[0082] 
[0083] n is 1 to 4, 

[0084] R1 and R2, independently, are selected from 
the group consisting of hydrogen, alkyl, alkenyl, 

mis0or1, 
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alkynyl, aryl, aralkyl, alkaryl, a heterocycle, het 
eroaryl, heteroaralkyl, haloalkyl, haloaryl, alkoxy, 
aryloxy, alkoxyalkyl, aryloxyalkyl, aral-koxyalkyl, 
halo, (alkylthio)alkyl, (arylthio)alkyl, and (aralkylth 
io)alkyl, 

[0085] or R1 and R2 are taken together to form an 
aliphatic or aromatic, 5 to 8-membered ring, either 
carbocyclic or heterocyclic; 

[0086] R3 is selected from the group consisting of 
hydrogen, alkyl, haloalkyl, alkenyl, alkynyl, aryl, 
alkaryl, aralkyl, haloaryl, heteroaralkyl, a hetero 
cycle, alkoxy, aryloxy, halo, NR4R5, NHSO2NR4R5, 
NHSOZR“, and SO2NR4R5; and 

[0087] R4 and R5, independently, are selected from 
the group consisting of hydrogen, alkyl, aryl, het 
eroaryl, and a heterocycle, 

[0088] or R4 and R5 are taken together to form an 
aliphatic or aromatic, 5- to 8-membered ring, either 
carbocyclic or heterocyclic; and 

[0089] pharmaceutically acceptable salts and hydrates 
thereof. 

[0090] Compounds of formulae (I) through (IV) contain 
R through R5 groups that are unsubstituted or optionally 
substituted With one or more, and typically one to three, 
substituents. Suitable substituents include, but are not lim 
ited to, alkyl, aryl, OH, NR4R5, CN, C(=O)NR4R5, SR4, 
SO2R4, COZR6 (Wherein R6 is hydrogen or alkyl), OC(= 
O)R6, ORG, CF3, halo, and NO2_ 
[0091] As used herein, the term “alkyl,” alone or in 
combination, is de?ned to include straight chain or branched 
chain saturated hydrocarbon groups from C1-C8. The term 
“loWer alkyl” is de?ned herein as C1-C4. Examples of alkyl 
groups include, but are not limited to, methyl, ethyl, n-pro 
pyl, isopropyl, isobutyl, n-butyl, n-hexyl, and the like. The 
term “alkyl” also includes “cycloalkyl,” Which is de?ned 
herein to include cyclic hydrocarbon radicals from C3-C7. 
Examples of cycloalkyl radicals include, but are not limited 
to, cyclopropyl, cyclobutyl, and cyclopentyl. The terms 
“alkenyl” and “alkynyl” are de?ned similarly as “alkyl,” but 
contain at least one carbon-carbon double bond or triple 
bond, respectively. 

[0092] The term “aryl,” alone or in combination, is de?ned 
herein as a monocyclic or polycyclic aromatic group, pref 
erably a monocyclic or bicyclic aromatic group, e.g., phenyl 
or naphthyl, that can be unsubstituted or substituted, for 
example, With one or more, and in particular one to three, 
substituents selected from halo, alkyl, phenyl, hydroxy, 
hydroxyalkyl, alkoxy, haloalkyl, nitro, amino, acylamino, 
alkylthio, alkylsul?nyl, and alkylsulfonyl. Exemplary aryl 
groups include phenyl, naphthyl, tetrahydronaphthyl, 
2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 2-meth 
ylphenyl, 4-methylphenyl, biphenyl, 4-iodophenyl, 4-meth 
oxyphenyl, 3-tri?uoromethylphenyl, 4-nitrophenyl, and the 
like. 

[0093] The term “haloaryl” and “haloalkyl” are de?ned 
herein as a previously de?ned alkyl or aryl group Wherein at 
least one hydrogen atom has been replaced by a “halo” 
group as de?ned herein. 

[0094] The term “heteroaryl” is de?ned herein as a 
S-membered or 6-membered heterocyclic aromatic group, 
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e.g., thienyl, furyl, or pyridyl, Which optionally has a fused 
benzene ring, and Which can be unsubstituted or substituted, 
for example, With one or more, and in particular one to three 
substituents, like halo, alkyl, hydroxy, alkoxy, haloalkyl, 
nitro, amino, acylamino, alkylthio, alkylsul?nyl, and alkyl 
sulfonyl. Examples of heteroaryl groups include, but are not 
limited to, thienyl, furyl, pyridyl, benZoxaZolyl, benZthiaZ 
olyl, benZisoxaZolyl, oxaZolyl, quinolyl, isoquinolyl, triaZ 
olyl, isothiaZolyl, isoxaZolyl, imidaZolyl, pyraZinyl, pyrim 
idinyl, thiaZolyl, thiadiaZolyl, benZimidaZolyl, indolyl, 
benZofuryl, and benZothienyl. 

[0095] The term “aralkyl” is de?ned herein as a previously 
de?ned alkyl group, in Which one of the hydrogen atoms is 
replaced by an aryl group as de?ned herein, for example, a 
phenyl group optionally having one or more substituents, for 
example, halo, alkyl, alkoxy, hydroxy, and the like. An 
example of an aralkyl group is benZyl. 

[0096] The term “heteroaralkyl” is de?ned similarly as the 
term “aralkyl,” hoWever, the hydrogen is replaced by a 
heteroaryl group. 

[0097] The term “alkaryl” is de?ned herein as a previously 
de?ned aryl group in Which one of the hydrogen atoms is 
replaced by an alkyl group as de?ned herein, either substi 
tuted or unsubstituted. An example of an alkaryl group is 
4-methylphenyl. 

[0098] The terms “alkoxyalkyl” and “aryloxyalkyl” are 
de?ned as an alkyl group Wherein a hydrogen has been 
replaced by an alkoxy group or an aryloxy group, respec 
tively. The term “aralkoxyalkyl” is similarly de?ned Wherein 
an aralkoxy group is substituted for a hydrogen of an alkyl 
group. The terms “(alkylthio)alkyl,”“(arylthio)alkyl,” and 
“(aralkylthio)allyl” are de?ned similarly as the three above 
groups, except a sulfur atom, rather than an oxygen atom, is 
present. 

[0099] The term “halogen” or “halo” is de?ned herein to 
include ?uorine, chlorine, bromine, and iodine. 

[0100] The term “heterocycle” is de?ned as a C4 to C5, 
aliphatic ring system, preferably a C5 to C6 aliphatic ring 
system, containing one to three atoms selected from the 
group consisting of oxygen, sulfur, and nitrogen, With the 
remaining atoms being carbon. Examples of heterocycles 
include, but are not limited to, tetrahydrofuran, tetrahydro 
pyran, morpholine, dioxane, piperidine, piperaZine, pyrroli 
dine, and morpholine. 

[0101] The terms “alkoxy” and “aryloxy” are de?ned 
as—OR, Wherein R is alkyl or aryl. 

[0102] The term “hydroxy” is de?ned as—OH. 

[0103] The term “hydroxyalkyl” is de?ned as a hydroxy 
group appended to an alkyl group. 

[0104] The term “amino” is de?ned as—NH2, and the 
term “alkylamino” is de?ned as—NR2 Wherein at least one 
R is alkyl and the second R is alkyl or hydrogen. 

[0105] The term “acylamino” is de?ned as RC(=O)N, 
Wherein R is alkyl or aryl. 

[0106] The term “nitro” is de?ned as—NO2. 

[0107] The term “alkylthio” is de?ned as—SR, Where R is 
alkyl. 
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[0108] The term “alkylsul?nyl” is de?ned as R—SO21 , 
Where R is alkyl. 

[0109] The term “alkylsulfonyl” is de?ned as R—SO31 
Where R is alkyl. 

[0110] In preferred embodiments, X is S or NH; m is 1; n 
is 1 or 2; R1 and R2, independently, are hydrogen, alkyl, aryl, 
aralkyl, alkaryl, or are taken together to form a 5- or 
6-membered, carbocyclic or heterocyclic ring; and R3 is 
alkyl, aryl, alkaryl, aralkyl, haloaryl, or a heterocycle, and 
salts and solvates thereof. 

[0111] In more preferred embodiments, the compound has 
a structural formula (I) or (III); X is S; m is 1; n is 1, R1 and 
R2 are taken together to form a 5- or 6-membered aliphatic 
carbocyclic ring; and R3 is alkyl or phenyl, preferably 
substituted With halo (e. g., iodo), alkyl (e. g., methyl), or aryl 
(e.g., phenyl). 

[0112] The therapeutic p53 inhibitors include all possible 
geometric isomers of compounds of structural formulae (I) 
through (IV). The p53 inhibitors also include all possible 
stereoisomers of compounds of structural formulae (II) and 
(IV) including not only racemic compounds, but also the 
optically active isomers as Well. When a compound of 
structural formula (II) or (IV) is desired as a single enanti 
omer, it can be obtained either by resolution of the ?nal 
product or by stereospeci?c synthesis from either isomeri 
cally pure starting material or any convenient intermediate. 
Resolution of the ?nal product, an intermediate, or a starting 
material can be achieved by any suitable method known in 
the art. Additionally, in situations Where tautomers of the 
compounds of structural formulae (I) through (IV) are 
possible, the present invention is intended to include all 
tautomeric forms of the compounds. For example, a com 
pound of structural formula (I), Wherein m and n each are 
one, can exist in the folloWing tautomeric form 

R1 R2 

[0113] Compounds of structural formulae (I) through (IV) 
Which contain acidic moieties can form pharmaceutically 
acceptable salts With suitable cations. Suitable pharmaceu 
tically acceptable cations include alkali metal (e.g., sodium 
or potassium) and alkaline earth metal (e.g., calcium or 
magnesium) cations. The pharmaceutically acceptable salts 
of the compounds of structural formulae (I) through (IV), 
Which contain a basic center, are acid addition salts formed 
With pharmaceutically acceptable acids. Examples include 
the hydrochloride, hydrobromide, sulfate or bi-sulfate, phos 
phate or hydrogen phosphate, acetate, benZoate, succinate, 
fumarate, maleate, lactate, citrate, tartrate, gluconate, meth 
anesulfonate, benZenesulphonate, and p-toluenesulphonate 
salts. In light of the foregoing, any reference to compounds 
of the present invention appearing herein is intended to 
include compounds of structural formulae (I) through (IV), 
as Well as pharmaceutically acceptable salts and solvates 
thereof. 






















