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(57) ABSTRACT 

The invention features a series of heterocyclic derivatives that 
inhibit tumor necrosis factor alpha (TNF-ot) induced necrop 
tosis. The heterocyclic compounds of the invention are 
described by Formulas (l) and (la)-(le) and are shoWn to 
inhibit TNF-ot induced necroptosis in FADD-de?cient vari 
ant of human Jurkat T cells. The invention further features 
pharmaceutical compositions featuring the compounds of the 
invention. The compounds and compositions of the invention 
may also be used to treat disorders Where necroptosis is likely 
to play a substantial role. 
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HETEROCYCLIC INHIBITORS OF 
NECROPTOSIS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of US. Provisional 
Application Nos. 60/955,966, ?led Aug. 15, 2007, and 
61/038,175, ?led Mar. 20, 2008, each of Which is hereby 
incorporated by reference. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

[0002] The present research Was supported by grants from 
the National Institutes of Health (Grant No. GM-64703 and 
Grant No. U01 NS050560). The US. government has certain 
rights to this invention. 

FIELD OF THE INVENTION 

[0003] The invention relates to heterocyclic compounds 
and to cell death, in particular through necrosis and necrop 
tosis, and regulation thereof by heterocyclic compounds. 

BACKGROUND OF THE INVENTION 

[0004] In many diseases, cell death is mediated through 
apoptotic and/or necrotic pathWays. While much is knoWn 
about the mechanisms of action that control apoptosis, con 
trol of necrosis is not as Well understood. Understanding the 
mechanisms regulating both necrosis and apoptosis in cells is 
essential to being able to treat conditions, such as neurode 
generative diseases, stroke-coronary heart disease, kidney 
disease, and liver disease. A thorough understanding of 
necrotic and apoptotic cell death pathWays is also crucial to 
treating AIDS and the conditions associated With AIDS, such 
as retinal necrosis. 

[0005] Cell death has traditionally been categorized as 
either apoptotic or necrotic based on morphological charac 
teristics (Wyllie et al., Int. Rev. Cylol. 68: 251 (1980)). These 
tWo modes of cell death Were also initially thought to occur 
via regulated (caspase-dependent) and non-regulated pro 
cesses, respectively. More recent studies, hoWever, demon 
strate that the underlying cell death mechanisms resulting in 
these tWo phenotypes are much more complicated and under 
some circumstances interrelated. Furthermore, conditions 
that lead to necrosis can occur by either regulated caspase 
independent or non-regulated processes. 
[0006] One regulated caspase-independent cell death path 
Way With morphological features resembling necrosis, called 
necroptosis, has recently been described (Degterev et al., Nat. 
Chem. Biol. 1:112 (2005)). This manner of cell death can be 
initiated With various stimuli (e.g., TNF-ot and Fas ligand) 
and in an array of cell types (e.g., monocytes, ?broblasts, 
lymphocytes, macrophages, epithelial cells and neurons). 
Necroptosis may represent a signi?cant contributor to and in 
some cases predominant mode of cellular demise under 
pathological conditions involving excessive cell stress, rapid 
energy loss and massive oxidative species generation, Where 
the highly energy-dependent apoptosis process is not opera 
tive. 
[0007] The identi?cation and optimiZation of loW molecu 
lar Weight molecules capable of inhibiting necroptosis Will 
assist in elucidating its role in disease patho-physiology and 
could provide compounds (i.e., necrostatins) for anti-necrop 
tosis therapeutics. The discovery of compounds that prevent 
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caspase-independent cell death (e. g., necrosis or necroptosis) 
Would also provide useful therapeutic agents for treating or 
preventing conditions in Which necrosis occurs. These com 
pounds and methods Would be particularly useful for the 
treatment of neurodegenerative diseases, ischemic brain and 
heart injuries, and head trauma. 

SUMMARY OF THE INVENTION 

[0008] In one aspect, the invention features a compound 
having a structure according to Formula (I) 

(1) 

2\X3 Y/ \Z/ ’ 

Wherein 
[0009] X 1 and X2 are, independently, N or CR4; 
[0010] X3 is selected from O, S, NR5, or i(CR5)2; 
[0011] Y is selected from C(O) or CH2; and 
[0012] Z is (CR6R7)n, 
[0013] R1 is selected from H, halogen, optionally substi 
tuted C1_6 loWer alkyl, or optionally substituted C1_6 
cycloalkyl, or optionally substituted aryl; 
[0014] R2 is selected from H or optionally substituted C1_6 
loWer alkyl; 
[0015] R3 is optionally substituted aryl; 
[0016] each R4 is selected from H, halogen, carboxamido, 
nitro, cyano, optionally substituted loWer Cl_6 alkyl, or 
optionally substituted aryl; 
[0017] R5 is selected from H, halogen, optionally substi 
tuted loWer C1_6 alkyl, or optionally substituted aryl; 
[0018] each R6 and R7 is, independently, selected from H, 
optionally substituted aryl, or optionally substituted C1_6 
loWer alkyl; and 
[0019] n is 0, 1, 2, or 3; 
[0020] Where 
[0021] WhenXl and X2 are N, X3 is S,Y, is C(O), Z is CH2, 
R2 is H, and R3 is 2-chloro-6-?uoro-phenyl, R1 is not methyl; 
[0022] or any pharmaceutically acceptable salt or solvate 
thereof, or stereoisomer thereof. 
[0023] In some embodiments, both X 1 and X2 are N or both 
X l and X2 are CR4, Wherein X3 is not NR5 WhenXl and X2 are 
N. 
[0024] In some embodiments, X1 and X2 are N and X3 is S. 
[0025] In some embodiments, X1 and X2 are CR4 and X3 is 
NR5. 
[0026] In some embodiments, R1 is Cl_6 cycloalkyl or 
branched C1_6 loWer alkyl. 
[0027] In some embodiments R2 is H. 
[0028] In some embodiments, R3 is a substituted phenyl 
group having the structure 

10 R, 
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Where 
[0029] each R8, R9, R10, R11, and R12 is selected, indepen 
dently, from H, lower C1_6 alkyl, halogen, amino, carboxa 
mido, alkoxy, nitro, and cyano, and at least one of R8, R9, R10, 
R1 l, and R12 is not hydrogen. 
[0030] In some embodiments, R8 and R12 are, indepen 
dently, halogen. In other embodiments, R8 and R12 are, inde 
pendently, ?uorine or chlorine. In certain embodiments, R8 is 
?uorine and R12 is chlorine. 
[0031] In some embodiments, R9, R10, and R11 are hydro 
gen. 
[0032] In some embodiments, R1 is C1_6 cycloalkyl or 
branched Cl_6 loWer alkyl, or any pharmaceutically accept 
able salt or solvate thereof, or stereoisomer thereof. In other 
embodiments, the compound of Formula (I) has a structure 
according to Formula (I-a) 

[0033] Where R1, R2, R3, R6, and R7 are as de?ned for 
Formula (I), or any pharmaceutically acceptable salt or sol 
Vate thereof, or stereoisomer thereof. 
[0034] In some embodiments, R3 is a substituted phenyl 
group having the structure 

10 R, 

R12 R11 

Where each R8, R9, R10, R11, and R12 is selected, indepen 
dently, from H, loWer Cl_6 alkyl, halogen, amino, carboxa 
mido, alkoxy, nitro, and cyano, and at least one of R8, R9, R10, 
R1 l, and R12 is not hydrogen. 
[0035] In some embodiments, R8 and R12 are, indepen 
dently, halogen. In other embodiments, R8 and R12 are, inde 
pendently, ?uorine or chlorine. In certain embodiments, R8 is 
?uorine and R12 is chlorine. 
[0036] In some embodiments, R9, R10, and R11 are hydro 
gen, or any pharmaceutically acceptable salt or solvate 
thereof, or stereoisomer thereof. 
[0037] In some embodiments, R1 is Cl_6 cycloalkyl or 
branched C 1 6 loWer alkyl, or any pharmaceutically acceptable 
salt or solvate thereof, or stereoisomer thereof. In certain 
embodiments, R1 is cyclopropyl, cyclobutyl, or isopropyl. 
[0038] In some embodiments, R2 is H, or any pharmaceu 
tically acceptable salt or solvate thereof, or stereoisomer 
thereof. 
[0039] In some embodiments, R6 and R7 are both hydrogen, 
or any pharmaceutically acceptable salt or solVate thereof, or 
stereoisomer thereof. 
[0040] In some embodiments, R6 is hydrogen and R7 is 
loWer C1_6 alkyl, or any pharmaceutically acceptable salt or 
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solVate thereof, or stereoisomer thereof. In certain embodi 
ments, carbon bearing R6 and R7 has the (S)-con?guration. 
[0041] In other embodiments, the compound of Formula (I) 
has a structure according to Formula (I-b) 

(I-b) 

[0042] WhereY and Z are as de?ned for Formula (I) and R 
is selected from: hydrogen, halogen, aZido, cyano, nitro, 
optionally substituted loWer C 16 alkyl, aryl, alkoxy, aryloxy, 
amino, carboxylic group, ketone, carbonate, ester, carboxa 
mide, or carbamate, or any pharmaceutically acceptable salt 
or solvate thereof, or stereoisomer thereof. 

[0043] In some embodiments, Y is C(O). In other embodi 
ments, Y is CH2. 
[0044] In some embodiments, R is halogen. In certain 
embodiments, R is chlorine, or any pharmaceutically accept 
able salt or solvate thereof, or stereoisomer thereof. 

[0045] In some embodiments, Z is CH2. In other embodi 
ments, Z is CHR7, Where R7 is Cl_6 loWer alkyl. In certain 
embodiments, the carbon bearing R7 has the S-con?guration. 
[0046] In some embodiments, the compound having a 
structure according to (I-b) is 

2% / 2m 

[0047] or any pharmaceutically acceptable salt or solvate 
thereof, or stereoisomer thereof. 
[0048] In other embodiments, the compound of Formula (I) 
has a structure according to Formula (I-c) 

(1-0) 
R9 

R10 

R414 Rl R8 
R2 ll 
\ R 

/ \ N 
R43 N R7 Rl2 

ls O 

[0049] Wherein 
[0050] R1, R2, and R7 are as de?ned for Formula (I); 
[0051] RM and R45 are selected, independently, from 
hydrogen, halogen, carboxamido, nitro, and cyano; 
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[0052] R5 is H or optionally substituted C1_6 lower alkyl; 
[0053] each of R8, R9, R10, R11, and R12 is selected, indep 
dently, from H, lower C1_6 alkyl, halogen, amino, amido, 
alkoxy, nitro, and cyano, and at least one of R8, R9, R10, R11, 
and R12 is not hydrogen; 
[0054] or any pharmaceutically acceptable salt or solvate 
thereof, or stereoisomer thereof. 
[0055] In some embodiments, R1 is H. 
[0056] In some embodiments, R2 is H. 
[0057] In some embodiments, R“ is H and R43 is CN. In 
other embodiments, R“ is CN and R45 is H. 
[0058] In some embodiments, R5 is unsubstituted Cl_6 
loWer alkyl. 
[0059] In some embodiments, R7 is C1_6 loWer alkyl. In 
other embodiments, the carbon bearing R7 has the S-con?gu 
ration. 
[0060] In some embodiments, R8 and R12 are each, inde 
pendently, halogen. 
[0061] In some embodiments, R9, R10, and R11 are hydro 
gen. 
[0062] In other embodiments, the compound of Formula (I) 
has a structure according to Formula (I-d) 

9 (I'd) 
R 

R10 

11 R, 

R43 R12 

[0063] Wherein R43, R5, R7, R8, R9, R10, R11, and R12 are as 
de?ned in Formula (I-c), or any pharmaceutically acceptable 
salt or solVate thereof, or stereoisomer thereof. 
[0064] In some embodiments, R45 is CN. 
[0065] In some embodiments, R5 is unsubstituted Cl_6 
loWer alkyl. 
[0066] In some embodiments, R7 is C1_6 loWer alkyl. In 
certain embodiments, the carbon bearing R7 has the S-con 
?guration. 
[0067] In some embodiments, R8 and R12 are each, inde 
pendently, halogen. 
[0068] In some embodiments, R9, R10, and R11 are hydro 
gen. 
[0069] In other embodiments, the compound of Formula (I) 
has a structure according to Formula (I-e) 

(1-6) 

R4A R1 Cl 
R2 , 

/ \ I 
48 F 

R 1i] R7 
0 

R5 

[0070] Wherein R1, R2, RM, R45, R5, and R7 are as de?ned 
in Formula (I-c), or any pharmaceutically acceptable salt or 
solvate thereof, or stereoisomer thereof. 
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[0071] In some embodiments, R1 is H or unsubstituted C1_6 
loWer alkyl. 

[0072] In some embodiments, R2 is H. 

[0073] In some embodiments, R“ is H and R43 is CN. 

[0074] In some embodiments, R“ is CN and R43 is H. 

[0075] In some embodiments, R7 is hydrogen. 

[0076] In some embodiments, R7 is C1_6 loWer alkyl. In 
certain embodiments, the carbon bearing R7 has the S-con 
?guration, or any pharmaceutically acceptable salt or solvate 
thereof, or stereoisomer thereof. 

[0077] In some embodiments, the compound of Formula 
(I-e) is 

H H Cl 

N / \ H ._ 
F 

NC N M6 

| 0 
Me 

[0078] In some embodiments, the compound of Formula (I) 
is selected from the group consisting of: 

CH3 F 

N 

N” \ I146 
\S 

0 Cl 

CH3 

Cl 
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-continued 

Cl 
H H 

/ \ H N 
Br N F 

k 0 
Me 

H H Cl 

N / \ H 
NC N F 

| 0 
Me 

H H Cl 

N / \ H 
NC N F 

k 0 
Me 

H H Cl 

N / \ H 
NC N F 

A 0 
Me Me 

Cl 
H H 

N / \ H , 
'5 F 

NC 1i] M6 
Me 0 

NC H Cl 

N / \ H 
H N F 

l 0 
Me 

NC H Cl 
, and 

N / \ H 
H N F 

)\ 0 
Me Me 
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-continued 
Cl 

or any pharmaceutically acceptable salt or solvate thereof, or 
stereoisomer thereof. 
[0079] The compounds of Formulas (I), (I-a), (I-b), (I-c), 
(I-d), or (I-e) also include any pharmaceutically acceptable 
salts or solvates thereof, or stereoisomers thereof. 
[0080] In a second aspect, the invention features a pharma 
ceutical composition including a pharmaceutically accept 
able excipient and the compound of any of Formulas (I), (I-a), 
(I-b), (I-c), (I-d), or (I-e), or the compound having the for 
mula: 

CH3 F 

N 

N” \ s 
\S 

0 Cl 

[0081] or any pharmaceutically acceptable salt or solvate 
thereof, or stereoisomer thereof. 
[0082] In a third aspect, the invention features a method of 
treating a condition in a subject, Where the method includes 
the step of administering the compound of any of Formulas 
(I), (I-a), (I-b), (I-c), (I-d), or (I-e), or the compound having 
the formula: 

CH3 F 

N 

N” \ s 
\S 

0 Cl 

or any pharmaceutically acceptable salt or solvate thereof, or 
stereoisomer thereof, to said subject in a dosage suf?cient to 
decrease necroptosis. In some embodiments, the condition is 
a neurodegenerative disease or is caused by alteration in cell 
proliferation, differentiation, or intracellular signalling. 
[0083] In a fourth aspect, the invention features a method of 
decreasing necroptosis including the step of contacting a cell 
With the compound of any of Formulas (I), (I-a), (I-b), (I-c), 
(I-d), or (I-e), or the compound having the formula: 

CH 
3 F 

Cl 
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or any pharmaceutically acceptable salt or solvate thereof, or 
stereoisomer thereof. In some embodiments, the condition is 
a neurodegenerative disease or is a condition caused by alter 

ation in cell proliferation, differentiation, or intracellular sig 
nalling. In some embodiments, the condition caused by alter 
ation in cell proliferation, differentiation, or intracellular 
signalling is cancer or infection (e. g., by viruses (e. g., acute, 
latent and persistent), bacteria, fungi, or other microbes). In 
some embodiments, the viruses are human immunode? 

ciency virus (HIV), Epstein-Barr virus (EBV), cytomegalovi 
rus (CMV)5 human herpesviruses (HHV), herpes simplex 
viruses (HSV), human T-Cell leukemia viruses (HTLV)5 
Varicella-Zoster virus (V ZV), measles virus, papovaviruses 
(JC and BK), hepatitis viruses, adenovirus, parvoviruses, and 
human papillomaviruses. In other embodiments, the condi 
tion is a neurodegenerative disease that is AlZheimer’s dis 
ease, Huntington’s disease, Parkinson’s disease, amyotrophic 
lateral sclerosis, HIV-associated dementia, cerebral ischemia, 
amyotropic lateral sclerosis, multiple sclerosis, LeWy body 
disease, Menke’s disease, Wilson’s disease, CreutZfeldt-Ja 
kob disease, Fahr disease, or muscular dystrophies or related 
diseases (e.g., Becker’s muscular dystrophy, Duchenne mus 
cular dystrophy, myotonic dystrophy, limb-girdle muscular 
dystrophy, LandouZy-Dejerine muscular dystrophy, facios 
capulohumeral muscular dystrophy (Steinert’s disease), 
myotonia congenita, Thomsen’s disease, and Pompe’s dis 
ease). In some embodiments, the neurodegerative disease is 
muscle Wasting. In other embodiments, muscle Wasting is 
associated With cancer, AIDS, congestive heart failure, 
chronic obstructive pulmonary disease, and necrotiZing 
myopathy of intensive care. 

[0084] In a ?fth aspect, the invention features a method of 
screening compounds to identify inhibitors of necroptosis, 
Where the method includes the folloWing steps: 

[0085] (a) providing a ?rst cell in Which necroptosis is 
inhibited; 

[0086] (b) contacting the cell of (a) With a compound that 
inhibits necroptosis; 

[0087] (c) comparing the inhibition of necroptosis 
observed in (b) to the inhibition of necroptosis observed 
by contacting a cell With the compound of any of For 
mulas (I), (I-a), (I-b), (I-c), (I-d), or (I-e), or the com 
pound having the formula: 

CH3 

[0088] or any pharmaceutically acceptable salt or solvate 
thereof, or stereoisomer thereof, 

[0089] Wherein an inhibitor of necroptosis is identi?ed 
When the inhibition of necroptosis observed in (b) exceeds the 
inhibition of necroptosis by the compound of any of Formulas 
(I), (I-a), (I-b), (I-c), (I-d), or (I-e), or any pharmaceutically 
acceptable salt or solvate thereof, or stereoisomer thereof. 
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[0090] In a sixth aspect, the invention features a kit includ 
ing 

[0091] (a) a pharmaceutically acceptable composition 
that includes the compound of any of Formulas (I), (I-a), 
(I-b), (I-c), (I-d), or (I-e), or the compound having the 
formula: 

CH3 F 

N 

N” \ s 
\S 

Cl 

[0092] or any pharmaceutically acceptable salt or solvate 
thereof, or stereoisomer thereof, and 

[0093] (b) instructions for the use of the pharmaceutical 
composition of (a) to treat a condition in a subject. 

[0094] In another aspect, the compounds of Formulas (I), 
(I-a), (I-b), (I-c), (I-d), or (I-e) are used to boost the immune 
system in a patient. In some embodiments, the patient has an 
immunocompromising condition. In other embodiments, the 
patient does not have an immunocompromising condition. 
[0095] By “alkoxy” is meant a group having the structure 
4O(loWer C1_6 alkyl), Where the loWer C1_6 alkyl may be 
brached, linear, or cyclic. The loWer C1_6 alkyl may also be 
substituted or unsubstituted. 
[0096] By “amino” is meant a group having a structure 
selected from: iNH2, iNH(loWer Cl_6 alkyl), *NUOWGI‘ 
Cl_6 alkyl)2, iNH(aryl), iN(loWer Cl_6 alkyl)(aryl), and 
iN(aryl)2. Each loWer C1_6 alkyl and aryl may be, indepen 
dently, unsubstituted or substituted. Each loWer Cl_6 alkyl 
may be, independently, brached, linear, or cyclic. 
[0097] By “aryl” is meant is an optionally substituted 
C6-Cl4 cyclic group With [4n+2] at electrons in conjugation 
and Where n is l, 2, or 3. Non-limiting examples of arenes 
include heteroaryls and benZene, naphthalene, anthracene, 
and phenanthrene. Aryls may be unsubstituted or substituted. 
A substituted aryl may be optionally substituted With 1, 2, 3, 
4, 5, or 6 substituents located at any position of the ring. 
[0098] By “aryloxy” is meant a group having the structure 
4O(aryl). Aryl may be unsubstituted or substituted. 
[0099] By “aZido” is meant a group having the structure 
iN3. 
[0100] By “carbamate” is meant a group having the struc 
ture iOCONHz, 4OCONH(loWer Cl_6 alkyl), 4OCON 
(loWer C1_6 alkyl)2, iOCON(loWer C1_6 alkyl)(aryl), 
4OCONH(aryl), or 4OCON(aryl)2. Each loWer C1_6 alkyl 
and aryl may be, independently, unsubstituted or substituted. 
Each loWer C 1 _6 alkyl may be, independently, brached, linear, 
or cyclic. 
[0101] By “carbonate” is meant a group having a the struc 
ture 4OCO2(loWer C 16 alkyl) or 4OCO2(aryl). Each loWer 
C1_6 alkyl and aryl may be unsubstituted or substituted. 
[0102] By “carboxamide” is meant a group having the 
structure 4CONH2, iCON(loWer C1_6 alkyl), ‘CON 
(loWer C1_6 alkyl)2, 4CON(loWer C1_6 alkyl)(aryl), 
4CONH(aryl), or iCON(aryl)2. Each loWer C 16 alkyl and 
aryl may be, independently, unsubstituted or substituted. 
Each loWer C l _6 alkyl may be, independently, brached, linear, 
or cyclic. 
[0103] By “carboxylic group” is meant a group having a 
structure selected from: 4CO2H, 4CO2(loWer C1_6 alkyl), 
and iCO2(aryl). Each loWer C1_6 alkyl and aryl may be 
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unsubstituted or substituted. Each lower C1_6 alkyl may be, 
independently, brached, linear, or cyclic. 
[0104] By “cyano” is meant a group having the structure 

[0105] By “effective amount” or “therapeutically effective 
amount” of an agent, as used herein, is that amount suf?cient 
to effect bene?cial or desired results, such as clinical results, 
and, as such, an effective amount depends upon the context in 
Which it is being applied. For example, in the context of 
administering an agent that is an inhibitor of necroptosis, an 
effective amount of an agent is, for example, an amount 
suf?cient to achieve a reduction in necroptosis as compared to 
the response obtained Without administration of the agent. 
[0106] By “ester” is meant a group having a structure 
selected from iOCO(loWer C1_6 alkyl) or iOCO(aryl). 
Each loWer C 16 alkyl and aryl may be unsubstituted or sub 
stituted. Each loWer C1_6 alkyl may be, independently, 
brached, linear, or cyclic. 
[0107] By “halogen” or “halo” is meant ?uorine (iF), 
chlorine (4C1), bromine (iBr), or iodine (fl). 
[0108] By “heteroaryl” is mean an aryl group that contains 
1, 2, or 3 heteroatoms in the cyclic frameWork. Exemplary 
heteroaryls include, but are not limited to, furan, thiophene, 
pyrrole, thiadiaZole (e.g., 1,2,3-thiadiaZole or 1,2,4-thiadiaZ 
ole), oxadiaZole (e.g., 1,2,3-oxadiaZole or 1,2,5-oxadiaZole), 
oxaZole, benZoxaZole, isoxaZole, isothiaZole, pyraZole, thia 
Zole, benZthiaZole, triaZole (e.g., 1,2,4-triaZole or 1,2,3-tria 
Zole), benZotriaZole, pyridines, pyrimidines, pyraZines, 
quinoline, isoquinoline, purine, pyraZine, pteridine, triaZine 
(e.g, 1,2,3-triaZine, 1,2,4-triaZine, or 1,3,5-triaZine)indoles, 
1,2,4,5-tetraZine, benZo[b]thiophene, benZo[c]thiophene, 
benZofuran, isobenZofuran, and benZimidaZole. Heteroaryls 
may be unsubstituted or substituted With 1, 2, 3, 4, 5, or 6 
substitutents. 
[0109] By “ketone” is meant a group having the structure 
*COGOWBI‘ C1_6 alkyl) or 4CO(aryl). Each loWer C1_6 alkyl 
and aryl may be unsubstituted or substituted. Each loWer Cl_6 
alkyl may be, independently, brached, linear, or cyclic. 
[0110] By “loWer alkyl” or “loWer C1_6 alkyl” is meant 
hydrocarbon chains of from 1 to 6 carbon atoms. LoWer alkyls 
may include 1, 2, 3, 4, 5, or 6 carbon atoms. A loWer Cl_6 alkyl 
may be linear, branched or cyclic (“cycloalkyls”). Examples 
of linear loWer alkyl groups include, but are not limited to: 
methyl, ethyl, n-propyl, n-butyl, n-pentyl, and n-hexyl. 
Examples of branched loWer alkyl groups include, but are not 
limited to: isopropyl, s-, i- andt-butyl, andisoamyl. Examples 
of cyclic loWer alkyl groups include, but are not limited to: 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and 
cyclobutylmethyl. Desirably, a loWer C1_6 alkyl is methyl, 
ethyl, propyl, isopropyl, n-butyl, t-butyl, or cyclopropyl. A 
loWer alkyl may be unsubstituted or substituted. A substituted 
loWer alkyl may be optionally substituted With 1, 2, 3, 4, 5, or 
6 substituents located at any carbon of the loWer alkyl. 
[0111] By “nitro” is meant a group having the structure 
iNOZ. 
[0112] A “pharmaceutically acceptable excipient” as used 
herein refers any ingredient other than the compounds 
described herein (for example, a vehicle capable of suspend 
ing or dissolving the active compound) and having the prop 
erties of being nontoxic and non-in?ammatory in a patient. 
Excipients may include, for example: antiadherents, antioxi 
dants, binders, coatings, compression aids, disintegrants, 
dyes (colors), emollients, emulsi?ers, ?llers (diluents), ?lm 
formers or coatings, ?avors, fragrances, glidants (?oW 
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enhancers), lubricants, preservatives, printing inks, sorbents, 
suspensing or dispersing agents, sWeeteners, or Waters of 
hydration. Exemplary excipients include, but are not limited 
to: butylated hydroxytoluene (BHT), calcium carbonate, cal 
cium phosphate (dibasic), calcium stearate, croscarmellose, 
crosslinked polyvinyl pyrrolidone, citric acid, crospovidone, 
cysteine, ethylcellulose, gelatin, hydroxypropyl cellulose, 
hydroxypropyl methylcellulose, lactose, magnesium stear 
ate, maltitol, mannitol, methionine, methylcellulose, methyl 
paraben, microcrystalline cellulose, polyethylene glycol, 
polyvinyl pyrrolidone, povidone, pregelatiniZed starch, pro 
pyl paraben, retinyl palmitate, shellac, silicon dioxide, 
sodium carboxymethyl cellulose, sodium citrate, sodium 
starch glycolate, sorbitol, starch (corn), stearic acid, stearic 
acid, sucrose, talc, titanium dioxide, vitamin A, vitamin E, 
vitamin C, and xylitol. 
[0113] The term “pharmaceutically acceptable salt,” as 
used herein, represents those salts Which are, Within the scope 
of sound medical judgment, suitable for use in contact With 
the tissues of humans and animals Without undue toxicity, 
irritation, allergic response and the like and are commensu 
rate With a reasonable bene?t/risk ratio. Pharrnaceutically 
acceptable salts are Well knoWn in the art. For example, S. M. 
Berge et al. describe pharmaceutically acceptable salts in 
detail in.]. Pharmaceutical Sciences, 1977, 66: 1-19. The salts 
can be prepared in situ during the ?nal isolation and puri? 
cation of the compounds of the invention or separately by 
reacting the free base group With a suitable organic acid. 
Representative acid addition salts include acetate, adipate, 
alginate, ascorbate, aspartate, benZenesulfonate, benZoate, 
bisulfate, borate, butyrate, camphorate, camphersulfonate, 
citrate, cyclopentanepropionate, digluconate, dodecylsulfate, 
ethanesulfonate, fumarate, glucoheptonate, glycerophos 
phate, hemisulfate, heptonate, hexanoate, hydrobromide, 
hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate, lac 
tobionate, lactate, laurate, lauryl sulfate, malate, maleate, 
malonate, methanesulfonate, 2-naphthalenesulfonate, nicoti 
nate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate, 
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, 
propionate, stearate, succinate, sulfate, tartrate, thiocyanate, 
toluenesulfonate, undecanoate, valerate salts and the like. 
Representative alkali or alkaline earth metal salts include 
sodium, lithium, potassium, calcium, magnesium and the 
like, as Well as nontoxic ammonium, quaternary ammonium, 
and amine cations, including, but not limited to ammonium, 
tetramethylammonium, tetraethylammonium, methylamine, 
dimethylamine, trimethylamine, triethylamine, ethylamine 
and the like. 

[0114] The term “pharmaceutically acceptable solvates,” 
as used herein, refers to compounds that retain non-covalent 
associations to residual solvent molecules in the solid state. 
For example, solvates may be prepared by crystallization, 
recrystallization, or precipitation from a solution that 
includes organic solvents, Water, or a mixture thereof. Sol 
vates include, but are not limited to, compounds that include 
solvent molecules in the crystal lattice folloWing recrystalli 
Zation. The molecular stoichiometry of solvation can vary 
from, for example, 1:1 solvent:compound to 10:1 solvent: 
compound. These ratios can include a mixture of associated 
solvent molecules. Exemplary, non-limiting examples of sol 
vents that can form solvates With the compounds of the inven 
tion include Water (for example, mono-, di-, and tri-hydrates), 
N-methylpyrrolidinone (NMP), dimethyl sulfoxide 
(DMSO), N,N'-dimethylformamide (DMF), N,N'-dimethy 
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lacetamide (DMAC), l,3-dimethyl-2-imidaZolidinone 
(DMEU), l,3-dimethyl-3,4,5,6-tetrahydro-2-(lH)-pyrimidi 
none (DMPU), acetonitrile (ACN), propylene glycol, ethyl 
acetate, benZyl alcohol, 2-pyrrolidone, benZyl benZoate, or 
any combination thereof. 

[0115] By “pharmaceutical composition” is meant a com 
position containing a compound of the invention, formulated 
With a pharmaceutically acceptable excipient, and manufac 
tured or sold With the approval of a governmental regulatory 
agency as part of a therapeutic regimen for the treatment of 
disease in a mammal. Excipients consisting of DMSO are 
speci?cally excluded. Pharmaceutical compositions can be 
formulated, for example, for oral administration in unit dos 
age form (e.g., a tablet, capsule, caplet, gelcap, or syrup); for 
topical administration (e.g., as a cream, gel, lotion, or oint 
ment); for intravenous administration (e.g., as a sterile solu 
tion free of particulate emboli and in a solvent system suitable 
for intravenous use); or any other formulation described 
herein. 

[0116] By “stereoisomer” is meant a diastereomer, enanti 
omer, or epimer of a compound. A chiral center in a com 
pound may have the S-con?guration or the R-con?guration. 
Diastereomers of a compound include stereoisomers in Which 
some, but not all, of the chiral centers have the opposite 
con?guration as Well as those compounds in Which substitu 
ents are differently oriented in space (for example, trans ver 
sus cis). 

[0117] Where a group is substituted, the group may be 
substituted With 1, 2, 3, 4, 5, or 6 substituents. Optional 
substituents include, but are not limited to: halogen, aZido, 
cyano, nitro, loWer C1_6 alkyl, aryl, alkoxy, aryloxy, amino, 
carboxylic group, ketone, carbonate, ester, carboxamide, or 
carbamate. Substituents may be further substituted With 1, 2, 
3, 4, 5, or 6 substituents as de?ned herein. For example, a 
loWer C1_6 alkyl or an aryl group (e.g., heteroaryl, phenyl, or 
naphthyl) may be further substituted With 1, 2, 3, 4, 5, or 6 
substituents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0118] FIG. 1 shoWs cell-type-speci?c activities of necrost 
atins. FADD-de?cient Jurkat, L929 and mouse adult lung 
?broblast cells Were treated for 24 hours With 10 ng/mL 
human TNF-ot and/or 100 [1M ZVAD.fmk as indicated in the 
presence of 30 [1M of necrostatin l, 2 or 55. Cell viability Was 
determined using a commercial cell viability kit. Values Were 
normalized to cells treated With necrostatins in the absence of 
necroptotic stimulus, Which Were set as 100% viability. Error 
bars re?ect standard deviation values (N:2). 

DETAILED DESCRIPTION OF THE INVENTION 

[0119] We have discovered a series of heterocyclic deriva 
tives that inhibit tumor necrosis factor alpha (TNF-ot)-in 
duced necroptosis. The heterocyclic compounds of the inven 
tion are described by Formulas (I) and (Ia)-(Ie) and are shoWn 
to inhibit TNF-ot induced necroptosis in FADD-de?cient 
variant of human Jurkat T cells. Pharmaceutical compositions 
including the compounds of the invention are also described. 
The invention also features kits and methods of treatment 
featuring the compounds and compositions of the invention. 
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[0120] Compounds of the invention are described generally 
by Formula (I): 

(1) 
R1 

xl R2 
// \ 3 
X2\ / \ /R ’ 

3 Y Z 

Wherein 

[0121] X 1 and X2 are, independently, N or CR4; 

[0122] X3 is selected from O, S, NR5, or i(CR5)2; 
[0123] Y is selected from C(O) or CH2; and 

[0124] Z is (CR6R7)n, 
[0125] R1 is selected from H, halogen, optionally substi 
tuted Cl_6 loWer alkyl, or optionally substituted Cl_6 
cycloalkyl; 
[0126] R2 is selected from H or optionally substituted C l_6 
loWer alkyl; 
[0127] R3 is optionally substituted aryl; 
[0128] each R4 is selected from H, halogen, optionally sub 
stituted loWer C1_6 alkyl, or optionally substituted aryl; 
[0129] R5 is selected from H, halogen, optionally substi 
tuted loWer C1_6 alkyl, or optionally substituted aryl; 

[0130] each R6 and R7 is, independently, selected from H, 
optionally substituted aryl, or optionally substituted Cl6 
loWer alkyl; and 

[0131] n is 0, 1,2, or 3; Where 

[0132] WhenXl and X2 are N, X3 is S,Y, is C(O), Z is CH2, 
R2 is H, and R3 is 2-chloro-6-?uoro-phenyl, R1 is not methyl; 
[0133] or any pharmaceutically acceptable salt or solvate 
thereof, or stereoisomer thereof. 

[0134] In one embodiment, the compounds of the invention 
have the Formula (I-a): 

[0135] where R1 is selected from H, halogen, optionally 
substituted C1_6 loWer alkyl, optionally substituted C1_6 
cycloalkyl, or optionally substituted aryl; 
[0136] R2 is selected from H or optionally substituted C1_6 
loWer alkyl; 
[0137] R3 is optionally substituted aryl; 
[0138] R6 and R7 are, independently, selected from H or 
optionally substituted C1_6 loWer alkyl; and 
[0139] at least one of R6 and R7 is hydrogen. 
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[0140] Compounds of the invention having Formula (I-a) 
include: 

CH3 F 

N 

N” \ g 
\S 

0 Cl , 

(25) 

CH3 F 

N 

N” \ glde 
\S 

Cl 

(26) 

CH3 F 

N 

N” \ g 
\S 

O F 

(27) 

CH3 

N 

N” \ g 
\S 

0 CH3 , 

(23) 

CH3 

11 
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-continued 

(31) 

N 

3 

36) 
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13 

-continued 

F 
N 

// \ H 

N\s N?ci, and 
O F 

(49) 

Cl 
N 

// \ M6 N\S Np 
O F . 

(50) 

[0141] Compounds of the invention also include those hav 
ing Formula (l-b): 

[0142] WhereinY and Z are as de?ned for Formula (I) and 
R is a substituent that may be selected from: hydrogen, halo 
gen, aZido, cyano, nitro, optionally substituted loWer Cl_6 
alkyl, aryl, alkoxy, aryloxy, amino, carboxylic group, ketone, 
carbonate, ester, carboxamide, or carbamate. 

[0143] Compounds of the invention having Formula (l-b) 
include: 

(I-b) 

§ / 2m 

(13) 
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-continued 

(51) 

N F 

N” \ a 
\S 

O , 

F 

(52) 

F 
N 

N” \ a 
\S 

Me Cl 

(53) 

F 
N 

N” \ a 
\S 

Me 01 , 

(54) 

N 

N” \ a 
\S 

(55) 
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-continued 

F 
N 

N” \ % 
\S 

nBu Cl , 

(53) 

[0144] Compounds of the invention can also have a struc 
ture according to Formula (l-c): 

9 (1-0) 
R 

R10 

R43 R12 
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Where 

[0145] R1 is selected from H, halogen, optionally substi 
tuted C 16 loWer alkyl, optionally substituted C l_6 cycloalkyl, 
or optionally substituted aryl; 

[0146] R2 is selected from H or optionally substituted C1_6 
loWer alkyl; 
[0147] RM and R45 are selected, independently, from 
hydrogen, halogen, carboxamido, nitro, and cyano; 
[0148] R5 is H or optionally substituted C 16 loWer alkyl; 

[0149] R7 is hydrogen or optionally substituted loWer C l_6 
alkyl; 
[0150] each ofRs, R9, R10, R1 l, and R12 is selected, indep 
dently, from H, loWer Cl_6 alkyl, halogen, amino, amido, 
alkoxy, nitro, and cyano; and 
[0151] at least one of R8, R9, R10, R11, and R12 is not 
hydrogen. 
[0152] Exam les of com ounds havin Formula l-c P P g 
include those having Formula (l-d): 

R9 
R10 

R8 

R11 
/ \ g ’ 

12 

R43 If R7 R 
R5 O 

[0153] Where R45, R5, R7, R8, R9, R10, R11, and R12 are as 
de?ned in Formula (l-c). 
[0154] Additional examples of compounds having Formula 
(l-c) include those having Formula (l-e): 

R4A R1 R2 , 

/ \ l 
48 F 
R 1i] R7 

O 
R5 

(I-d) 

(1-6) 

[0155] Where R1, R2, R4“, R45, R5, and R7 are as de?ned in 
Formula (l-c). 
[0156] Exemplary compounds of the invention having For 
mula (l-e) include those depicted in Table l: 

TABLEl 

R1 R2 R4‘ R48 R5 R7 Structure 

78 H H H M e H Cl 
H H 

H 
/ \ N 

01 N F 

| O 
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TABLE 1-continued 
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R1 R2 R4‘ R48 R5 R7 Structure 

99 H H CN H i-Pr H Cl 

NC 

H 
/ \ N 

H N F 

)\ 0 
Me M 

[0157] Compounds of the invention Where the carbon bear- positions for administration to human subjects in a biologi 
ing R7 is a chiral center may be used as a racemate, stere 
ochemical mixture, or in enantiomerically pure form. In one 
embodiment, a compound Where the carbon bearing R7 is a 
chiral center has the (S)-con?guration. In another embodi 
ment, a compound Where the carbon bearing R7 is a chiral 
center has the (R)-con?guration. 
[0158] Compounds of the invention can be synthesized 
according to methods knoWn in the art or by the methods 
provided in the examples beloW. For example, compounds of 
the invention (e.g., compounds of Formula (l-b)) may be 
prepared according to the method illustrated in Scheme 1 and 
presented in Example 1. 

Schemel 

O 
O O 

0 

Me (a) M (b) 
Me Rl OMe 

O 

0 
B00 

R1 
HN 
\ N O N 

| (c) // \ (e) 
N\ OR 

R1 OMe S 

O 

RIMe 

(d) 
R I OH 

R1 

0-1)) 
(a) RC(O)C1, py, CHZCIZ, rt, 2 h, then MeOH, 2 h; (b) HZNN'HIBoc, cat. 
TsOH, toluene, 600 C., 4 h; (c) SOCIZ, 600 C., 1 h; (d) 6N HCl, AcOH, 1500 C., 4h; (e) 
Method A: H2N(CH2),,R3, HIBTU, i-PrZNEt, CHZCIZ, rt, 12 hours (30-90%); Method B: 
oxalyl chloride, cat. DMF, CHZCIZ, 00 C. to rt, 1 hour then H2N(CH2),,R3, EtOAc, 
saturated aqueous NaHCO3, rt, 2 hours (20-75%); Method C: H2N(CH2),,R3, EDCI, 
HOBt, DMI, rt, 12 hours (60-90%). 

Pharmaceutical Compositions 
[0159] The compounds of the invention (e. g., (Formulas (l) 
and (l-a)-(l-e)) can be formulated into pharmaceutical com 

cally compatible form suitable for administration in vivo. 
Accordingly, in another aspect, the present invention pro 
vides a pharmaceutical composition comprising a compound 
of the invention in admixture With a pharmaceutically accept 
able excipient. Conventional procedures and ingredients for 
the selection and preparation of suitable formulations are 
described, for example, in Remington’s Pharmaceutical Sci 
ences (2003-20’h edition) and in The United States Pharma 
copeia: The National Formulary (USP 24 NF 19), published 
in 1999. 

[0160] The compounds of the invention may be used in the 
form of the free base, in the form of salts, solvates, and as 
prodrugs. All forms are Within the scope of the invention. In 
accordance With the methods of the invention, the described 
compounds or salts, solvates, or prodrugs thereof may be 
administered to a patient in a variety of forms depending on 
the selected route of administration, as Will be understood by 
those skilled in the art. The compounds of the invention may 
be administered, for example, by oral, parenteral, buccal, 
sublingual, nasal, rectal, patch, pump, or transdermal admin 
istration and the pharmaceutical compositions formulated 
accordingly. Parenteral administration includes intravenous, 
intraperitoneal, subcutaneous, intramuscular, transepithelial, 
nasal, intrapulmonary, intrathecal, rectal, and topical modes 
of administration. Parenteral administration may be by con 
tinuous infusion over a selected period of time. 

Pharmaceutically Acceptable Excipients 

[0161] Pharmaceutically acceptable excipients may 
include, for example: antiadherents, antioxidants, binders, 
coatings, compression aids, disintegrants, dyes (colors), 
emollients, emulsi?ers, ?llers (diluents), ?lm formers or 
coatings, ?avors, fragrances, glidants (?oW enhancers), lubri 
cants, preservatives, printing inks, sorbents, suspensing or 
dispersing agents, sweeteners, or Waters of hydration. Exem 
plary excipients include, but are not limited to: butylated 
hydroxytoluene (BHT), calcium carbonate, calcium phos 
phate (dibasic), calcium stearate, croscarmellose, crosslinked 
polyvinyl pyrrolidone, citric acid, crospovidone, cysteine, 
ethylcellulose, gelatin, hydroxypropyl cellulose, hydrox 
ypropyl methylcellulose, lactose, magnesium stearate, malti 
tol, mannitol, methionine, methylcellulose, methyl paraben, 
microcrystalline cellulose, polyethylene glycol, polyvinyl 
pyrrolidone, povidone, pregelatiniZed starch, propyl paraben, 
retinyl palmitate, shellac, silicon dioxide, sodium carboxym 
ethyl cellulose, sodium citrate, sodium starch glycolate, sor 




























