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FUMARATE COMPOUNDS, 
PHARMACEUTICAL COMPOSITIONS 
THEREOF, AND METHODS OF USE 

FIELD 

0001 Disclosed herein are fumarate compounds, phar 
maceutical compositions comprising fumarate compounds, 
and methods of using fumarates and pharmaceutical com 
positions thereof for treating neurodegenerative, inflamma 
tory, and autoimmune diseases including multiple Sclerosis, 
psoriasis, irritable bowel disorder, ulcerative colitis, arthri 
tis, chronic obstructive pulmonary disease, asthma, Parkin 
son's disease, Huntington's disease, and amyotrophic lateral 
Sclerosis. 

BACKGROUND 

0002 Fumaric acid esters (FAEs) are approved in United 
States for the treatment of multiple sclerosis, are being 
evaluated in the United States for the treatment of psoriasis, 
and have been proposed for use in treating a wide range of 
immunological, autoimmune, and inflammatory diseases 
and conditions. 

0003 FAEs and other fumaric acid derivatives have been 
proposed for use in treating a wide-variety of diseases and 
conditions involving immunological, autoimmune, and/or 
inflammatory processes including psoriasis (Joshi and 
Strebel, WO 1999/49858; U.S. Pat. No. 6,277,882; Mrowi 
etz and Asadullah, Trends Mol Med 2005, 111(1), 43-48: 
and Yazdi and Mrowietz, Clinics Dermatology 2008, 26, 
522-526); asthma and chronic obstructive pulmonary dis 
eases (Joshi et al., WO 2005/023241 and US 2007/ 
0027076); cardiac insufficiency including left ventricular 
insufficiency, myocardial infarction and angina pectoris 
(Joshi et al., WO 2005/023241; Joshi et al., US 2007/ 
0027076); mitochondrial and neurodegenerative diseases 
Such as Parkinson's disease, Alzheimer's disease, Hunting 
ton's disease, retinopathia pigmentosa and mitochondrial 
encephalomyopathy (Joshi and Strebel, WO 2002/055063, 
US 2006/0205659, U.S. Pat. No. 6,509,376, U.S. Pat. No. 
6,858,750, and U.S. Pat. No. 7,157,423); transplantation 
(Joshi and Strebel, WO 2002/055063, US 2006/0205659, 
U.S. Pat. No. 6,359,003, U.S. Pat. No. 6,509,376, and U.S. 
Pat. No. 7,157,423; and Lehmann et al., Arch Dermatol Res 
2002, 294, 399-404); autoimmune diseases (Joshi and 
Strebel, WO 2002/055063, U.S. Pat. No. 6,509,376, U.S. 
Pat. No. 7,157,423, and US 2006/0205659) including mul 
tiple sclerosis (MS) (Joshi and Strebel, WO 1998/52549 and 
U.S. Pat. No. 6,436,992; Went and Lieberburg, US 2008/ 
0089896; Schimrigk et al., Eur J Neurology 2006, 13, 
604-610; and Schilling et al., Clin Experimental Immunol 
ogy 2006, 145, 101-107); ischemia and reperfusion injury 
(Joshi et al., US 2007/0027076); AGE-induced genome 
damage (Heidland, WO 2005/027899); inflammatory bowel 
diseases such as Crohn's disease and ulcerative colitis; 
arthritis; and others (Nilsson et al., WO 2006/037342 and 
Nilsson and Muller, WO 2007/042034). 
0004. The mechanism of action of fumaric acid esters is 
believed to be mediated by pathways associated with the 
immunological response. For example, FAES invoke a shift 
from a Th1 to Th2 immune response, favorably altering the 
cytokine profile; inhibit cytokine-induced expression of 
adhesion molecules such as VCAM-1, ICAM-1 and E-se 
lectin, thereby reducing immune cell extravasation; and 
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deplete lymphocytes through apoptotic mechanisms (Leh 
mann et al., J Investigative Dermatology 2007, 127, 835 
845; Gesser et al., J Investigative Dermatology 2007, 127, 
2129-2137; Vandermeeren et al., Biochm Biophy's Res Com 
mun 1997, 234, 19-23; and Treumer et al., J Invest Dermatol 
2003, 121, 1383-1388). 
0005 Recent studies suggest that FAEs are inhibitors of 
NF-kB activation, a transcription factor that regulates the 
inducible expression of proinflammatory mediators 
(D'Acquisto et al., Molecular Interventions 2002, 2(1), 
22-35). Accordingly, FAEs have been proposed for use in 
treating NF-kB mediated diseases (Joshi et al., WO 2002/ 
055066; and Joshi and Strebel, WO 2002/055063, US 2006/ 
0205659, U.S. Pat. No. 7,157,423 and U.S. Pat. No. 6,509, 
376). Inhibitors of NF-kB activation have also been shown 
to be useful in angiostatic therapy (Tabruyn and Griffioen, 
Angiogenesis 2008, 11, 101-106), inflammatory bowel dis 
ease (Atreya et al., J Intern Med 2008, 263 (6), 59); and in 
animal models of diseases involving inflammation including 
neutrophilic alveolitis, asthma, hepatitis, inflammatory 
bowel disease, neurodegeneration, ischemia/reperfusion, 
septic shock, glomerulonephritis, and rheumatoid arthritis 
(D'Acquisto et al., Molecular Interventions 2002, 2(1), 
22-35). 
0006 Studies also suggest that NF-kB inhibition by 
FAEs may be mediated by interaction with tumor necrosis 
factor (TNF) signaling. Dimethyl fumarate inhibits TNF 
induced tissue factor mRNA and protein expression and 
TNF-induced DNA binding of NF-kB proteins, and inhibits 
the TNF-induced nuclear entry of activated NF-kB proteins 
thereby inhibiting inflammatory gene activation (Loewe et 
al., J. Immunology 2002, 168, 478787). TNF signaling 
pathways are implicated in the pathogenesis of immune 
mediated inflammatory diseases such as rheumatoid arthri 
tis, Crohn's disease, psoriasis, psoriatic arthritis, juvenile 
idiopathic arthritis, and ankylosing spondylitis (Tracey et al., 
Pharmacology & Therapeutics 2008, 117, 244-279). 
0007 Fumaderm(R), an enteric coated tablet containing a 
salt mixture of monomethyl fumarate (MHF) (Formula 
(A-1), a monoester fumarate) and dimethylfumarate (DMF) 
(Formula (A-2), a diester fumarate) which is rapidly hydro 
lyzed to monomethyl fumarate regarded as the main bioac 
tive metabolite, was approved in Germany in 1994 for the 
treatment of psoriasis. 

(A-1) 

OH 

(A-2) 

0008 Fumaderm(R) is dosed TID with 1-2 grams/day 
administered for the treatment of psoriasis. FumadermR) 
exhibits a high degree of interpatient variability with respect 
to drug absorption and food strongly reduces bioavailability. 
Absorption is thought to occur in the Small intestine with 
peak levels achieved 5-6 hours after oral administration. 
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Significant side effects occur in 70-90% of patients (Brewer 
and Rogers, Clin Expt1 Dermatology 2007, 32, 246-49; and 
Hoefnagel et al., Br J Dermatology 2003, 149, 363-369). 
Side effects of current FAE therapy include gastrointestinal 
upset including nausea, vomiting, and diarrhea; transient 
flushing of the skin. Also, DMF exhibits poor aqueous 
solubility. 
0009 Fumaric acid derivatives (Flachsmann et al., US. 
Pat. No. 7,638,118 (morpholino esters); Gangakhedkar et 
al., U.S. Pat. No. 8,148,414 (glycolamide esters) and U.S. 
Pat. No. 8,778,991 (acyloxyalkyl esters); Albrecht at al., 
WO 2015/082588 (tartaric acid derivatives); Joshi and 
Strebel, WO 2002/055063, US 2006/0205659, and U.S. Pat. 
No. 7,157,423 (amide compounds and protein-fumarate 
conjugates); Joshi et al., WO 2002/055066 and Joshi and 
Strebel, U.S. Pat. No. 6,355,676 (mono and dialkyl esters): 
Joshi and Strebel, WO 2003/087174 (carbocyclic and oxac 
arbocylic compounds); Joshi et al., WO 2006/122652 (thio 
succinates); Joshi et al., US 2008/0233.185 (dialkyl and 
diaryl esters); Zeidan et al., U.S. Pat. No. 8,669,281 (pyr 
rolidine esters)) and salts (Nilsson et al., US 2008/0004344) 
have been developed in an effort to overcome the deficien 
cies of current FAE therapy. Controlled release pharmaceu 
tical compositions comprising fumaric acid esters are dis 
closed by Nilsson and Müller, WO 2007/042034. 
Glycolamide ester prodrugs are described by Nielsen and 
Bundgaard, J Pharm Sci 1988, 77(4), 285-298. 

SUMMARY 

0010 Fumarate compounds having high gastrointestinal 
permeability and/or absorption, improved solubility, ordered 
hydrolysis (i.e., preferential cleavage of promoieties), and 
minimal cleavage in the gut lumen or enterocyte cytoplasm 
are desirable. Such fumarates may: enhance the efficacy/ 
responder rate compared to present fumaric acid esters; 
facilitate the use of lower doses, reduce dosing frequency, 
and standardize dosing regimens; reduce food effects; 
reduce gastrointestinal side effects/toxicity; and reduce 
interpatient treatment variability. 
0011. In a first aspect, compounds of Formula (I) are 
provided: 

(I) 

O O O f 
R! X O N sy S.--> s NRI 

R2 O O O 

or a pharmaceutically acceptable salt thereof, wherein: 
0012 each R" and R is independently chosen from 
hydrogen, Calkyl, Substituted C. alkyl, Cheteroalkyl, 
Substituted C. heteroalkyl, C. cycloalkyl, substituted 
Cs-12 cycloalkyl, C-12 cycloalkylalkyl, Substituted C-12 
cycloalkylalkyl, Cao aryl, Substituted Cao aryl, C7-12 ary 
lalkyl, and substituted C7 arylalkyl: or each R" and R' 
together with the nitrogen to which they are bonded inde 
pendently forms a ring chosen from a C- heterocy 
cloalkyl, Substituted C. heterocycloalkyl, Cso het 
eroaryl, and substituted Cso heteroaryl; and 
0013 each X* is independently chosen from C alkane 
diyl. Substituted C. alkane-diyl. C. heteroalkane-diyl. 
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Substituted C. heteroalkane-diyl, C-2 cycloalkane-diyl. 
Substituted C-2 cycloalkane-diyl, C-2 cycloalkylalkane 
diyl. Substituted C2 cycloalkylalkane-diyl. C. hetero 
cycloalkane-diyl. Substituted C. heterocycloalkane-diyl. 
C. heterocycloalkylalkane-diyl. Substituted C. hetero 
cycloalkylalkane-diyl, Co arene-diyl. Substituted Co 
arene-diyl, C-2 arylalkane-diyl. Substituted C-2 arylal 
kane-diyl, Cso heteroarene-diyl. Substituted Cso het 
eroarene-diyl, Cso heteroarylalkane-diyl, and substituted 
Cso heteroarylalkane-diyl; 
0014 wherein each substituent group is independently 
chosen from halogen, —OH, -CN. —CF =O, NO, 
phenyl, benzyl, -C(O)NR', -R, OR, —C(O)R’, 
C(O)CR', NR NRC(O)R’, and O(O)R’, 

wherein each R’ is independently chosen from hydrogen 
and C alkyl. 
0015. In a second aspect, pharmaceutical compositions 
are provided comprising a compound of Formula (I) and at 
least one pharmaceutically acceptable vehicle. 
0016. In a third aspect, methods of treating a disease in a 
patient are provided comprising administering to a patient in 
need of Such treatment a pharmaceutical composition com 
prising a therapeutically effective amount of a compound of 
Formula (I). In certain embodiments, the disease is chosen 
from a neurodegenerative disease, an inflammatory disease, 
and an autoimmune disease including, for example, multiple 
sclerosis, psoriasis, irritable bowel disorder, ulcerative coli 
tis, arthritis, chronic obstructive pulmonary disease, asthma, 
Parkinson's disease, Huntington's disease, and amyotrophic 
lateral Sclerosis. 

DETAILED DESCRIPTION 

Definitions 

(0017. A dash (“ ”) that is not between two letters or 
symbols is used to indicate a point of attachment for a 
moiety or substituent. For example, —CONH2 is bonded 
through the carbon atom. 
0018 “Alkyl refers to a saturated or unsaturated, 
branched, or straight-chain, monovalent hydrocarbon radical 
derived by the removal of one hydrogen atom from a single 
carbon atom of a parent alkane, alkene, or alkyne. Examples 
of alkyl groups include, but are not limited to, methyl; ethyls 
Such as ethanyl, ethenyl, and ethynyl; propyls such as 
propan-1-yl, propan-2-yl, prop-1-en-1-yl, prop-1-en-2-yl, 
prop-2-en-1-yl(allyl), prop-1-yn-1-yl, prop-2-yn-1-yl, etc.; 
butyls such as butan-1-yl, butan-2-yl, 2-methyl-propan-1-yl, 
2-methyl-propan-2-yl, but-1-en-1-yl, but-1-en-2-yl, 
2-methyl-prop-1-en-1-yl, but-2-en-1-yl, but-2-en-2-yl, buta 
1,3-dien-1-yl, buta-1,3-dien-2-yl, but-1-yn-1-yl, but-1-yn-3- 
y1, but-3-yn-1-yl, etc.; and the like. 
(0019. The term “alkyl is specifically intended to include 
groups having any degree or level of Saturation, i.e., groups 
having exclusively single carbon-carbon bonds, groups hav 
ing one or more double carbon-carbon bonds, groups having 
one or more triple carbon-carbon bonds, and groups having 
combinations of single, double, and triple carbon-carbon 
bonds. Where a specific level of saturation is intended, the 
terms alkanyl, alkenyl, and alkynyl are used. In certain 
embodiments, an alkyl group can have from 1 to 20 carbon 
atoms (C-o) in certain embodiments, from 1 to 10 carbon 
atoms (C-o), in certain embodiments from 1 to 8 carbon 
atoms (Cs), in certain embodiments, from 1 to 6 carbon 
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atoms (C), in certain embodiments from 1 to 4 carbon 
atoms (C), and in certain embodiments, from 1 to 3 
carbon atoms (C). 
0020 “Alkane-diyl refers to a diradical of a saturated or 
unsaturated, branched, or straight-chain acyclic hydrocarbon 
group, having, for example, from 1 to 20 carbon atoms, from 
1-10 carbon atoms, from 1-6 carbon atoms, from 1 to 4 
carbon atoms, or from 1 to 3 hydrocarbon atoms. Examples 
of alkane-diyl groups include methane-diyl (-CH2—), eth 
ane-1,2-diyl (-CH2CH2—), propane-1,3-diyl and iso-pro 
pane-1,2-diyl (e.g., —CH2CH2CH2— and —CH(CH) 
CH), butane-1,4-diyl (—CH2CHCHCH ), pentane-1, 
5-diyl (—CH2CH2CHCHCH ), hexane-1,6-diyl 
( CHCHCHCHCHCH ), heptane-1,7-diyl, octane 
1,8-diyl. nonane-1,9-diyl, decane-1,10-diyl, dodecane-1,12 
diyl, and the like. 
0021 “Alkane-triyl refers to a tri-radical of a saturated 
or unsaturated, branched, or straight-chain acyclic hydro 
carbon group, having, for example, from 1 to 20 carbon 
atoms, from 1-10 carbon atoms, from 1-6 carbon atoms, 
from 1 to 4 carbon atoms, or from 1 to 3 hydrocarbon atoms. 
0022 "Alkane-tetray1' refers to a tetra-radical of a satu 
rated or unsaturated, branched, or straight-chain acyclic 
hydrocarbon group, having, for example, from 1 to 20 
carbon atoms, from 1-10 carbon atoms, from 1-6 carbon 
atoms, from 1 to 4 carbon atoms, or from 1 to 3 hydrocarbon 
atOmS. 

0023 “Amino acid side chain” includes the side chains of 
naturally occurring standard amino acids, side chains of 
naturally occurring non-standard amino acids, and side 
chains of non-naturally occurring amino acid derivatives. In 
certain embodiments the amino acid side chain is selected 
from a hydrogen, methyl, isopropyl, sec-butyl, phenyl, ben 
Zyl, p-hydroxybenzyl, —CHOH, -CHCH-OH, -CH 
(OH)CH, CHCH-SCH-CHCONH, -CHCOOH, 
—CHCHCONH, —CH-CHCOOH, -(CH)NHC 
(—NH)NH,-(CH2)NH, -(CH)NHCOCH,-(CH) 
NHCHO, -(CH)NHC(=NH)NH, -(CH2)NH2, 
—(CH)NHCOCH, -(CH)NHCHO, -(CH) 
NHCONH, -(CH)NHCONH, CHCH-CH(OH) 
CH-NH. 

e 21 
N and N. 

NN / 

In certain embodiments the amino acid side chain is bonded 
to a chiral carbon atom that is in the (R) configuration, and 
in certain embodiments, the (S) configuration. 
0024 “Arene-diyl refers to an aromatic hydrocarbon 
diradical derived by the removal of two hydrogen atoms 
from a single carbon atom or by the removal of a single 
hydrogen atom from two carbon atoms of a parent aromatic 
ring system. In certain embodiments, an arene-diyl group is 
Cs-o arene-diyl, Cs-12 arene-diyl, Cs-o arene-diyl, and in 
certain embodiments, Css arene-diyl. Examples of arene 
diyl groups include benzene-1,2-diyl, benzene-1,3-diyl, ben 
Zene-1,4-diyl, naphthalene-1,6-diyl, and the like. 

Mar. 2, 2017 

0025 “Arene-tetray1' refers to an aromatic hydrocarbon 
tetraradical derived by the removal of four hydrogen atoms 
from a single carbon atom or by the removal of a single 
hydrogen atom from four carbon atoms of a parent aromatic 
ring system. In certain embodiments, an arene-tetrayl group 
is Cso arene-tetrayl, Cs arene-tetrayl, Cso arene-tetrayl, 
and in certain embodiments, Css arene-tetray1. Examples of 
arene-tetrayl groups include furan-2,3,4,5-tetrayl, benzene 
1,2,3,4-tetrayl, benzene-1,3,4,5-triyl, benzene-1,2,3,5-triyl. 
naphthalene-1,3,6,7-triyl, and the like. 
0026 “Arene-triyl refers to an aromatic hydrocarbon 
triradical derived by the removal of three hydrogen atoms 
from a single carbon atom or by the removal of a single 
hydrogenatom from three carbon atoms of a parent aromatic 
ring system. In certain embodiments, an arene-triyl group is 
Cs-oarene-triyl. Cs-12 arene-triyl. Cs-o arene-triyl, and in 
certain embodiments, Css arene-triyl. Examples of arene 
triyl groups include benzene-1,3,5-triyl, benzene-1,3,4-triyl. 
benzene-1,2,3-triyl. naphthalene-1,3,6-triyl, and the like. 
0027 “Aryl refers to a monovalent aromatic hydrocar 
bon radical derived by the removal of one hydrogen atom 
from a single carbon atom of a parent aromatic ring system. 
Aryl benzene: bicyclic ring systems wherein at least one ring 
is carbocyclic and aromatic, for example, naphthalene, 
indane, and tetralin; and tricyclic ring systems wherein at 
least one ring is carbocyclic and aromatic, for example, 
fluorene. Aryl encompasses multiple ring systems having at 
least one carbocyclic aromatic ring fused to at least one 
carbocyclic aromatic ring, cycloalkyl ring, or heterocy 
cloalkyl ring. For example, aryl includes a phenyl ring fused 
to a 5-to 7-membered heterocycloalkyl ring containing one 
or more heteroatoms chosen from N, O, and S. For such 
fused, bicyclic ring systems wherein only one of the rings is 
a carbocyclic aromatic ring, the radical carbon atom may be 
at the carbocyclic aromatic ring or at the heterocycloalkyl 
ring. Examples of aryl groups include, but are not limited to, 
groups derived from aceanthrylene, acenaphthylene, ace 
phenanthrylene, anthracene, azulene, benzene, chrysene, 
coronene, fluoranthene, fluorene, hexacene, hexaphene, hex 
ylene, as-indacene, S-indacene, indane, indene, naphthalene, 
octacene, octaphene, octalene, ovalene, penta-2,4-diene, 
pentacene, pentalene, pentaphene, perylene, phenalene, 
phenanthrene, picene, pleiadene, pyrene, pyranthrene, rubi 
cene, triphenylene, trinaphthalene, and the like. In certain 
embodiments, an aryl group can have from 6 to 20 carbon 
atoms (C-o), from 6 to 12 carbon atoms (C-2), from 6 to 
10 carbon atoms (C-o), and in certain embodiments from 
6 to 8 carbon atoms (Cs). Aryl, however, does not encom 
pass or overlap in any way with heteroaryl, separately 
defined herein. 

0028 “Compounds” of Formula (I) disclosed herein 
include any specific compounds within the formula. Com 
pounds may be identified either by their chemical structure 
and/or chemical name. Compounds are named using Accel 
rys Draw 4.1 SP1, version MDL. Draw. Editor 4.1. 100.70 
(Accelrys, Inc., San Diego, Calif.). When the chemical 
structure and chemical name conflict, the chemical structure 
is determinative of the identity of the compound. The 
compounds described herein may comprise one or more 
chiral centers and/or double bonds and therefore may exist 
as stereoisomers such as double-bond isomers (i.e., geomet 
ric isomers), enantiomers, or diastereomers. Accordingly, 
any chemical structures within the scope of the specification 
depicted, in whole or in part, with a relative configuration 
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encompass all possible enantiomers and stereoisomers of the 
illustrated compounds including the Stereoisomerically pure 
form (e.g., geometrically pure, enantiomerically pure, or 
diastereomerically pure) and enantiomeric and stereoiso 
meric mixtures. Enantiomeric and stereoisomeric mixtures 
may be resolved into their component enantiomers or Ste 
reoisomers using separation techniques or chiral synthesis 
techniques well known to the skilled artisan. Compounds of 
Formula (I) include, but are not limited to, optical isomers 
of compounds of Formula (I), racemates thereof, and other 
mixtures thereof. In such embodiments, a single enantiomer 
or diastereomer, i.e., optically active form can be obtained 
by asymmetric synthesis or by resolution of the racemates. 
Resolution of the racemates may be accomplished, for 
example, by conventional methods such as crystallization in 
the presence of a resolving agent, or chromatography using, 
for example, chiral stationary phases. Not withstanding the 
foregoing, in compounds of Formula (I) the configuration of 
the illustrated double bond is only in the Econfiguration (i.e. 
trans configuration). 
0029 Compounds of Formula (I) may also exist in sev 
eral tautomeric forms including the enol form, the keto form, 
and mixtures thereof. Accordingly, the chemical structures 
depicted herein encompass all possible tautomeric forms of 
the illustrated compounds. Compounds of Formula (I) also 
include isotopically labeled compounds where one or more 
atoms have an atomic mass different from the atomic mass 
conventionally found in nature. Examples of isotopes that 
may be incorporated into the compounds disclosed herein 
include, but are not limited to, H, H, C, C, C, N, 
'O, ''O, etc. Compounds may exist in unsolvated forms as 
well as Solvated forms, including hydrated forms and as 
N-oxides. In general, compounds as referred to herein may 
be free acid, hydrated, solvated, or N-oxides. Certain com 
pounds may exist in multiple crystalline, co-crystalline, or 
amorphous forms. Compounds of Formula (I) include phar 
maceutically acceptable salts thereof, or pharmaceutically 
acceptable solvates of the free acid form of any of the 
foregoing, as well as crystalline forms of any of the fore 
going. 

0030 Compounds of Formula (I) also include solvates. A 
Solvate refers to a molecular complex of a compound with 
one or more solvent molecules in a stoichiometric or non 
Stoichiometric amount. Such solvent molecules are those 
commonly used in the pharmaceutical art, which are known 
to be innocuous to a patient, e.g., water, ethanol, and the like. 
A molecular complex of a compound or moiety of a com 
pound and a solvent can be stabilized by non-covalent 
intra-molecular forces Such as, for example, electrostatic 
forces, van der Waals forces, or hydrogen bonds. The term 
“hydrate' refers to a solvate in which the one or more 
Solvent molecules is water. 

0031. Further, when partial structures of the compounds 
are illustrated, an asterisk (*) or a wavy line (-------. ) 
indicates the point of attachment of the partial structure to 
the rest of the molecule. 

0032 “Cycloalkyl refers to a saturated or partially 
unsaturated cyclic alkyl radical. Where a specific level of 
saturation is intended, the nomenclature cycloalkanyl or 
cycloalkenyl is used. Examples of cycloalkyl groups 
include, but are not limited to, groups derived from cyclo 
propane, cyclobutane, cyclopentane, cyclohexane, and the 
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like. In certain embodiments, a cycloalkyl group is Cls 
cycloalkyl, C-2 cycloalkyl, and in certain embodiments, 
C-8 cycloalkyl. 
0033 “Cycloalkane-diyl refers to a diradical cyclic or 
polycyclic hydrocarbon group. In certain embodiments, a 
cycloalkane-diyl group is C-12 cycloalkane-diyl. Cas 
cycloalkane-diyl, C. cycloalkane-diyl, and in certain 
embodiments, Cse cycloalkane-diyl. Examples of cycloal 
kane-diyl groups include cyclohexane-1,4-diyl, cyclo 
hexane-1,3-diyl, and cyclohexane-1,2-diyl. 
0034 “Cycloalkane-tetrayl refers to a tetraradical cyclic 
or polycyclic hydrocarbon group. In certain embodiments, a 
cycloalkane-tetrayl group is C. cycloalkane-tetrayl, Cs 
cycloalkane-tetrayl, C. cycloalkane-tetrayl, and in certain 
embodiments, Cse cycloalkane-tetrayl. Examples of 
cycloalkane-tetrayl groups include cyclohexane-1,2,3,4-tet 
rayl, cyclohexane-1,2,3,5-tetrayl, and cyclohexane-1,3,4,5- 
tetray1. 
0035 “Cycloalkane-triyl” refers to a triradical cyclic or 
polycyclic hydrocarbon group. In certain embodiments, a 
cycloalkane-triyl group is C. cycloalkane-triyl. Cls 
cycloalkane-triyl. C. cycloalkane-triyl, and in certain 
embodiments, Cse cycloalkane-triyl. Examples of cycloal 
kane-triyl groups include cyclohexane-1,3,5-triyl, cyclo 
hexane-1,2,3-triyl, and cyclohexane-1,3,4-triyl. 
0036 “Disease' refers to a disease, disorder, condition, 
or symptom of any of the foregoing. 
0037 “Drug as defined under 21 U.S.C. S321(g)(1) 
means “(A) articles recognized in the official United States 
Pharmacopoeia, official Homeopathic Pharmacopoeia of the 
United States, or official National Formulary, or any supple 
ment to any of them; and (B) articles intended for use in the 
diagnosis, cure, mitigation, treatment, or prevention of dis 
ease in man or other animals; and (C) articles (other than 
food) intended to affect the structure or any function of the 
body of man or other animals . . . .” 
0038 “Halogen' refers to a fluoro, chloro, bromo, or iodo 
group. In certain embodiments, halogen refers to a chloro 
group. 
0039) “Heteroalkyl” by itself or as part of another sub 
stituent refers to an alkyl group in which one or more of the 
carbon atoms (and certain associated hydrogen atoms) are 
independently replaced with the same or different hetero 
atomic groups. Examples of heteroatomic groups include, 
but are not limited to. —O— —S— —O-O-, -S 
S , – O S , – NR', =N N=, N=N-, 
N—N NR, PR', P(O), , POR - O P 

(O) -, -SO-, -SO. , —Sn(R)- , and the like, 
where each R' is independently chosen from hydrogen, 
C. alkyl, Substituted C. alkyl, C-2 aryl, Substituted 
Caryl, C.7s arylalkyl, Substituted C.7s arylalkyl, C-7 
cycloalkyl, Substituted C-7 cycloalkyl, C-7 heterocy 
cloalkyl, Substituted C, heterocycloalkyl, C. heteroalkyl, 
Substituted C. heteroalkyl, C-2 heteroaryl, Substituted 
C. heteroaryl, C7 is heteroarylalkyl, or Substituted C7 is 
heteroarylalkyl. Reference to, for example, a C. het 
eroalkyl, means a C- alkyl group in which at least one of 
the carbon atoms (and certain associated hydrogen atoms) is 
replaced with a heteroatom. For example C. heteroalkyl 
includes groups having five carbon atoms and one heteroa 
tom, groups having four carbon atoms and two heteroatoms, 
etc. In certain embodiments, each R" is independently 
chosen from hydrogen and C alkyl. In certain embodi 
ments, a heteroatomic group is chosen from —O— —S , 
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NH , —N(CH)—, and —SO -; and in certain 
embodiments, the heteroatomic group is —O—. 
0040 “Heteroalkane-diyl refers to an alkane-diyl group 
wherein one or more of the carbon atoms are replaced with 
a heteroatom (e.g., N, O, S. P. or Si). 
0041) “Heteroalkane-tetray1' refers to an alkane-tetray1 
group wherein one or more of the carbon atoms are replaced 
with a heteroatom (e.g., N.O. S. P. or Si). 
0042 “Heteroalkane-triyl refers to an alkane-triyl group 
wherein one or more of the carbon atoms are replaced with 
a heteroatom (e.g., N, O, S. P. or Si). 
0043 “Heteroarene-diyl refers to an arene-diyl group 
wherein one or more of the carbon atoms are replaced with 
a heteroatom (e.g., N, O, S. P. or Si). Examples of het 
eroarene-diyl groups include furane-diyl and pyridine-diyl. 
0044) “Heteroarene-tetray1' refers to an arene-tetray1 
group wherein one or more of the carbon atoms are replaced 
with a heteroatom (e.g., N, O, S. P. or Si). 
0045 “Heteroarene-triyl refers to an arene-triyl group 
wherein one or more of the carbon atoms are replaced with 
a heteroatom (e.g., N, O, S. P. or Si). 
0046) “Heteroaryl' by itself or as part of another sub 
stituent refers to a aryl group in which one or more of the 
carbon atoms (and certain associated hydrogen atoms) are 
independently replaced with the same or different hetero 
atomic groups. Examples of heteroatomic groups include, 
but are not limited to. —O— —S— —O—O— —S 
S-, -O-S , NR', =N N=, N=N-, 
N—N NR , PRI P(O) , POR 
O P(O) , -SO , -SO. , Sn(R') , and the 

like, where each R' is independently chosen from hydro 
gen, C alkyl, Substituted C. alkyl, Caryl. Substituted 
C-2 aryl, C7-1s arylalkyl, Substituted C7-1s arylalkyl, C-7 
cycloalkyl, Substituted C-7 cycloalkyl, C., heterocy 
cloalkyl, Substituted C-7 heterocycloalkyl, C. heteroalkyl, 
Substituted C. heteroalkyl, C. heteroaryl, substituted 
C. heteroaryl, C7 is heteroarylalkyl, or Substituted C7 is 
heteroarylalkyl. 
0047. Heteroaryl encompasses multiple ring systems 
having at least one heteroaromatic ring fused to at least one 
other ring, which can be aromatic or non-aromatic. For 
example, heteroaryl encompasses bicyclic rings in which 
one ring is heteroaromatic and the second ring is a hetero 
cycloalkyl ring. For Such fused, bicyclic heteroaryl ring 
systems wherein only one of the rings contains one or more 
heteroatoms, the radical carbon may be at the aromatic ring 
or at the heterocycloalkyl ring. 
0048 Examples of heteroaryl groups include, but are not 
limited to, groups derived from acridine, arsindole, carba 
Zole, B-carboline, chromane, chromene, cinnoline, furan, 
imidazole, indazole, indole, indoline, indolizine, isobenzo 
furan, isochromene, isoindole, isoindoline, isoquinoline, 
isothiazole, isoxazole, naphthyridine, oxadiazole, oxazole, 
perimidine, phenanthridine, phenanthroline, phenazine, 
phthalazine, pteridine, purine, pyran, pyrazine, pyrazole, 
pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine, qui 
nazoline, quinoline, quinolizine, quinoxaline, tetrazole, thia 
diazole, thiazole, thiophene, triazole, Xanthene, thiazolidine, 
oxazolidine, and the like. In certain embodiments, a het 
eroaryl group is from 4-to 20-membered heteroaryl (C), 
and in certain embodiments from 4-to 12-membered het 
eroaryl (Cao). In certain embodiments, heteroaryl groups 
are those derived from thiophene, pyrrole, benzothiophene, 
benzofuran, indole, pyridine, quinoline, imidazole, oxazole, 
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or pyrazine. For example, in certain embodiments, Cs het 
eroaryl can be furyl, thienyl, pyrrolyl, imidazolyl pyrazolyl, 
isothiazolyl, and isoxazolyl. 
0049) “Heterocycloalkane-diyl” by itself or as part of 
another Substituent refers to a cycloalkane-diyl group in 
which one or more of the carbon atoms (and certain asso 
ciated hydrogen atoms) are independently replaced with the 
same or different heteroatomic groups. Examples of hetero 
atomic groups include, but are not limited to, —O— —S , 
O-O-, -S-S-, -O-S , – NR', =N N=, 
N-N , N—N NR' , PR P(O) , 
POR'-, - O P(O) , -SO-, -SO. , –Sn(R') 
, and the like, where each R' is independently chosen 

from hydrogen, Calkyl, Substituted C. alkyl, Caryl, 
Substituted Caryl, C-1s arylalkyl, Substituted Cz sary 
lalkyl, C., cycloalkyl, substituted C-7 cycloalkyl, C, 
heterocycloalkyl, Substituted C-7 heterocycloalkyl, C. 
heteroalkyl, Substituted C. heteroalkyl, C. heteroaryl, 
Substituted C-2 heteroaryl, C-1s heteroarylalkyl, or Sub 
stituted C7 is heteroarylalkyl. Reference to, for example, a 
C. heterocycloalkane-diyl, means a C cycloalkane-diyl 
group in which at least one of the carbon atoms (and certain 
associated hydrogen atoms) is replaced with a heteroatom. 
For example C. heterocycloalkane-diyl includes groups 
having five carbon atoms and one heteroatom, groups hav 
ing four carbon atoms and two heteroatoms, etc. In certain 
embodiments, each R" is independently chosen from hydro 
gen and C alkyl. In certain embodiments, a heteroatomic 
group is chosen from —O— —S —NH-, 
—N(CH)—, and —SO ; and in certain embodiments, 
the heteroatomic group is —O—. 
0050 “Heterocycloalkane-tetray1” by itself or as part of 
another Substituent refers to a cycloalkane-tetrayl group in 
which one or more of the carbon atoms (and certain asso 
ciated hydrogen atoms) are independently replaced with the 
same or different heteroatomic groups. 
0051) “Heterocycloalkane-triyl” by itself or as part of 
another Substituent refers to a cycloalkane-triyl group in 
which one or more of the carbon atoms (and certain asso 
ciated hydrogen atoms) are independently replaced with the 
same or different heteroatomic groups. 
0052 “Heterocycloalkyl” by itself or as part of another 
Substituent refers to a cycloalkyl group in which one or more 
of the carbon atoms (and certain associated hydrogenatoms) 
are independently replaced with the same or different het 
eroatomic groups. Examples of heteroatomic groups 
include, but are not limited to. —O— —S— —O-O-, 
-S-S-, -O-S , – NR', —N N=, N=N-, 
N—N NRI -, PR - P(O), , POR , 
O-P(O) , -SO-, -SO. , Sn(R') , and the 

like, where each R' is independently chosen from hydro 
gen, C. alkyl, Substituted C. alkyl, Caryl. Substituted 
Caryl, C.7s arylalkyl, Substituted C.7s arylalkyl, C-7 
cycloalkyl, Substituted C-7 cycloalkyl, C-7 heterocy 
cloalkyl, Substituted C-7 heterocycloalkyl, C. heteroalkyl, 
Substituted C. heteroalkyl, C-2 heteroaryl, Substituted 
C. heteroaryl, C7 is heteroarylalkyl, or Substituted C7 is 
heteroarylalkyl. Reference to, for example, a C. heterocy 
cloalkyl, means a C cycloalkyl group in which at least one 
of the carbon atoms (and certain associated hydrogenatoms) 
is replaced with a heteroatom. For example C. heterocy 
cloalkyl includes groups having five carbon atoms and one 
heteroatom, groups having four carbon atoms and two 
heteroatoms, etc. In certain embodiments, each R' is inde 
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pendently chosen from hydrogen and C alkyl. In certain 
embodiments, a heteroatomic group is chosen from —O—, 

S —NH-, - N(CH)—, and —SO ; and certain 
embodiments, the heteroatomic group is —O—. 
0053 “Parent aromatic ring system” refers to an unsatu 
rated cyclic or polycyclic ring system having a conjugated at 
(pi) electron system. Included within the definition of “par 
ent aromatic ring system” are fused ring systems in which 
one or more of the rings are aromatic and one or more of the 
rings are Saturated or unsaturated. Such as, for example, 
fluorene, indane, indene, phenalene, etc. Examples of parent 
aromatic ring systems include, but are not limited to, acean 
thrylene, acenaphthylene, acephenanthrylene, anthracene, 
aZulene, benzene, chrysene, coronene, fluoranthene, fluo 
rene, hexacene, hexaphene, hexylene, as-indacene, S-in 
dacene, indane, indene, naphthalene, octacene, octaphene, 
octalene, ovalene, penta-2,4-diene, pentacene, pentalene, 
pentaphene, perylene, phenalene, phenanthrene, picene, ple 
iadene, pyrene, pyranthrene, rubicene, triphenylene, trinaph 
thalene, and the like. 
0054 “Parent heteroaromatic ring system” refers to an 
aromatic ring system in which one or more carbon atoms 
(and any associated hydrogen atoms) are independently 
replaced with the same or different heteroatom in such a way 
as to maintain the continuous t-electron system character 
istic of aromatic systems and a number of out-of-plane 
JL-electrons corresponding to the Hickel rule (4n+2). 
Examples of heteroatoms to replace the carbon atoms 
include, but are not limited to, N. P. O, S, and Si, etc. 
Specifically included within the definition of “parent het 
eroaromatic ring systems are fused ring systems in which 
one or more of the rings are aromatic and one or more of the 
rings are Saturated or unsaturated. Such as, for example, 
arsindole, benzodioxan, benzofuran, chromane, chromene, 
indole, indoline, Xanthene, etc. Examples of parent het 
eroaromatic ring systems include, but are not limited to, 
arsindole, carbazole, B-carboline, chromane, chromene, cin 
noline, furan, imidazole, indazole, indole, indoline, indoliz 
ine, isobenzofuran, isochromene, isoindole, isoindoline, iso 
quinoline, isothiazole, isoxazole, naphthyridine, oxadiazole, 
oxazole, perimidine, phenanthridine, phenanthroline, 
phenazine, phthalazine, pteridine, purine, pyran, pyrazine, 
pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyr 
rolizine, quinazoline, quinoline, quinolizine, quinoxaline, 
tetrazole, thiadiazole, thiazole, thiophene, triazole, Xan 
thene, thiazolidine, oxazolidine, and the like. 
0055 “Patient” refers to a mammal, for example, a 
human. 
0056 “Pharmaceutically acceptable” refers to approved 
or approvable by a regulatory agency of the Federal or a 
state government or listed in the U.S. Pharmacopoeia or 
other generally recognized pharmacopoeia for use in ani 
mals, and more particularly in humans. 
0057. “Pharmaceutically acceptable salt” refers to a salt 
of a compound, which possesses the desired pharmacologi 
cal activity of the parent compound. Such salts include acid 
addition salts, formed with inorganic acids such as hydro 
chloric acid, hydrobromic acid, Sulfuric acid, nitric acid, 
phosphoric acid, and the like; or formed with organic acids 
Such as acetic acid, propionic acid, hexanoic acid, cyclo 
pentanepropionic acid, glycolic acid, pyruvic acid, lactic 
acid, malonic acid. Succinic acid, malic acid, maleic acid, 
fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4- 
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic 
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acid, methanesulfonic acid, ethanesulfonic acid, 1.2-ethane 
disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesul 
fonic acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesul 
fonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, 
4-methylbicyclo[2.2.2-oct-2-ene-1-carboxylic acid, gluco 
heptonic acid, 3-phenylpropionic acid, trimethylacetic acid, 
tertiary butylacetic acid, lauryl Sulfuric acid, gluconic acid, 
glutamic acid, hydroxynaphthoic acid, Salicylic acid, Stearic 
acid, muconic acid, and the like; and salts formed when an 
acidic proton present in the parent compound is replaced by 
a metal ion, e.g., an alkali metal ion, an alkaline earth ion, 
or an aluminum ion; or coordinates with an organic base 
Such as ethanolamine, diethanolamine, triethanolamine, 
N-methylglucamine, and the like. In certain embodiments, a 
pharmaceutically acceptable salt is the hydrochloride salt. In 
certain embodiments, a pharmaceutically acceptable salt is 
the Sodium salt. 

0058 “Pharmaceutically acceptable vehicle” refers to a 
pharmaceutically acceptable diluent, a pharmaceutically 
acceptable adjuvant, a pharmaceutically acceptable excipi 
ent, a pharmaceutically acceptable carrier, or a combination 
of any of the foregoing with which a compound provided by 
the present disclosure may be administered to a patient and 
which does not destroy the pharmacological activity thereof 
and which is non-toxic when administered in doses Sufficient 
to provide a therapeutically effective amount of the com 
pound. 
0059) “‘Pharmaceutical composition” refers to a com 
pound of Formula (I) and at least one pharmaceutically 
acceptable vehicle, with which the compound of Formula (I) 
is administered to a patient. 
0060 “Substituted” refers to a group in which one or 
more hydrogen atoms are independently replaced with the 
same or Substituent group(s). In certain embodiments, each 
Substituent group is independently chosen from halogen, 
—OH, -CN, -CF =O, NO, phenyl, benzyl, R', 

S(O),OR', S(O)N(R') - P(=O)CR', P(=O) 
(OR), NR2P(=O)(OR), and OP(=O)(OR) 
(NR'2), wherein each R is independently chosen from 
hydrogen, Ce alkyl, C. heteroalkyl, C-2 cycloalkyl, 
C-12 heterocycloalkyl, Cso aryl, Cs-o heteroaryl, and 
amino acid side chain. In certain embodiments, each Sub 
stituent group is independently chosen from halogen, —OH, 
—CN, CF, NO, phenyl, benzyl, -R, OR, 
C(O)R, COOR2, C(R)NH, C(O)C(R)NH, 
C(R)C(O)OH, - NC(R)C(O)CH and NR', 

wherein each R is independently chosen from hydrogen, 
C- alkyl, C. heteroalkyl, Cs-o aryl, Cs-o heteroaryl, and 
amino acid side chain. In certain embodiments, each Sub 
stituent group is independently chosen from halogen, —OH, 
—CN, —CF, =O, NO, phenyl, benzyl, -C(O)NR'', 
R, OR2, C(O)R, COOR, and NR, 

wherein each R’ is independently chosen from hydrogen, 
C. alkyl, C. heteroalkyl, Cso aryl, Cso heteroaryl, and 
amino acid side chain. In certain embodiments, each Sub 
stituent group is independently chosen from —OH, -NH2, 
C. alkyl, and amino acid side chain. In certain embodi 
ments, each Substituent group is independently chosen from 
OH, C(O)NR, R2, C(O)R, COOR, 
C(R)NH, C(O)C(R)NH, C(R)C(O)CH, and 
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—NC(R)C(O)CH wherein each R is independently cho 
Sen from a hydrogen, methyl, isopropyl. Sec-butyl, phenyl, 
benzyl, p-hydroxybenzyl, —CH2OH. —CH(OH)CH, 
—CHCH-SCH, -CHCONH, -CHCOOH, 
—CH-CHCONH, -CHCHCOOH, -(CH2)NHC 

NHCHO, -(CH)NHC(=NH)NH, -(CH2)NH2, 
—(CH)NHCOCH, -(CH)NHCHO, -(CH) 
NHCONH, -(CH.)NHCONH, CHCH-CH(OH) 
CH-NH. 

e a1 
N and N. 

NN / 

0061 "Treating or “treatment of any disease refers to 
reversing, alleviating, arresting, or ameliorating a disease or 
at least one of the clinical symptoms of a disease, reducing 
the risk of acquiring a disease or at least one of the clinical 
symptoms of a disease, inhibiting the progress of a disease 
or at least one of the clinical symptoms of the disease or 
reducing the risk of developing a disease or at least one of 
the clinical symptoms of a disease. “Treating or “treat 
ment also refers to inhibiting the disease, either physically, 
(e.g., stabilization of a discernible symptom), physiologi 
cally, (e.g., Stabilization of a physical parameter), or both, 
and to inhibiting at least one physical parameter that may or 
may not be discernible to the patient. In certain embodi 
ments, “treating or “treatment” refers to delaying the onset 
of the disease or at least one or more symptoms thereof in 
a patient which may be exposed to or predisposed to a 
disease even though that patient does not yet experience or 
display symptoms of the disease. 
0062 “Therapeutically effective amount” refers to the 
amount of a compound that, when administered to a subject 
for treating a disease, or at least one of the clinical symptoms 
of a disease, is sufficient to affect such treatment of the 
disease or symptom thereof. The “therapeutically effective 
amount may vary depending, for example, on the com 
pound, the disease and/or symptoms of the disease, severity 
of the disease and/or symptoms of the disease or disorder, 
the age, weight, and/or health of the patient to be treated, and 
the judgment of the prescribing physician. An appropriate 
amount in any given instance may be ascertained by those 
skilled in the art or capable of determination by routine 
experimentation. 
0063 “Therapeutically effective dose” refers to a dose 
that provides effective treatment of a disease or disorder in 
a patient. A therapeutically effective dose may vary from 
compound to compound, and from patient to patient, and 
may depend upon factors such as the condition of the patient 
and the route of delivery. A therapeutically effective dose 
may be determined in accordance with routine pharmaco 
logical procedures known to those skilled in the art. 
0064. Reference is now made in detail to certain embodi 
ments of compounds, compositions, and methods. The dis 
closed embodiments are not intended to be limiting of the 
claims. To the contrary, the claims are intended to cover all 
alternatives, modifications, and equivalents. 
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Compounds 

0065 
mula (I): 

Certain embodiments provide a compound of For 

(I) 

or a pharmaceutically acceptable salt thereof, wherein: 
I0066 each R" and R is independently chosen from 
hydrogen, Ce alkyl, Substituted C. alkyl, C- het 
eroalkyl, Substituted C. heteroalkyl, C-2 cyclo alkyl, 
Substituted C. cycloalkyl, C. cycloalkylalkyl, Substi 
tuted C-12 cycloalkylalkyl, Co-o aryl, Substituted Co-o aryl, 
C, arylalkyl, and substituted C, arylalkyl; or each R' 
and R together with the nitrogen to which they are bonded 
independently forms a ring chosen from a C. heterocy 
cloalkyl, Substituted C. heterocyeloalkyl, Cso het 
eroaryl, and Substituted Cso heteroaryl; and 
I0067 each X is independently chosen from C, alkane 
diyl. Substituted C. alkane-diyl, C. heteroalkane-diyl. 
Substituted C. heteroalkane-diyl, C-2 cycloalkane-diyl. 
Substituted C. cycloalkane-diyl, C. cycloalkylalkane 
diy1, Substituted C2 cycloalkylalkane-diyl. C. hetero 
cycloalkane-diyl. Substituted C. heterocycloalkane-diyl. 
C. heterocycloalkylalkane-diyl. Substituted C. hetero 
cycloalkylalkane-diyl, Co arene-diyl. Substituted Co 
arene-diyl. C. arylalkane-diyl. Substituted C7 arylal 
kane-diyl, Cso heteroarene-diyl. Substituted Cso het 
eroarene-diyl, Cso heteroarylalkane-diyl, and substituted 
Cso heteroarylalkane-diyl; 
0068 wherein each substituent group is independently 
chosen from halogen, —OH, -CN. —CF =O, NO. 
phenyl, benzyl, -C(O)NR', -R, OR, —C(O)R’, 
C(O)OR, NR NRC(O)R', and O(O)R’, 

wherein each R’ is independently chosen from hydrogen 
and C alkyl. 
0069. In certain embodiments of a compound of Formula 
(I), each Substituent group is independently chosen from 
fluoro, chloro, OH, - OCH —C(O)CH, -NH2, 
- N(CH), C(O)OH, -C(O)CCH, -C(O)OCHCH 
- C(O)NH, -C(O)NH = C(O)NHCH, -C(O)N(CH) 

C(R)NH, C(R)C(O)OH, -NHC(O)R', and 
—O(O)R’, wherein each R' is chosen from hydrogen and 
C. alkyl. 
0070. In certain embodiments of a compound of Formula 
(I), each Substituent group is independently chosen from 
methyl, ethyl, n-propyl, isopropyl. n-butyl, isobutyl, sec 
butyl, and tert-butyl. 
0071. In certain embodiments of a compound of Formula 
(I), each Substituent group is independently chosen from 
fluoro, chloro, —OH, - OCH, —C(O)CH, —C(O) 
CHCH –C(O)CH(CH), C(O)Ph, NH, -N(CH) 

N(CHCHOCH), C(O)CH, C(O)CCH, 
- C(O)OCHCH –C(O)NH2, C(O)NH = C(O) 
NHCH, C(O)N(CH), C(R)NH, C(R)C(O) 
OH, -NHC(O)R’, and O(O)R’, wherein each R' is 
chosen from hydrogen and C alkyl. 
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0072. In certain embodiments of a compound of Formula 
(I), each Substituent group is independently chosen from 
-NRC(O)R’ and O(O)R’, wherein each R is inde 
pendently chosen from hydrogen, methyl, ethyl, n-propyl. 
isopropyl. n-butyl, isobutyl, sec-butyl, and tert-butyl. 
0073. In certain embodiments of a compound of Formula 

(I), each Substituent group is independently chosen from 
fluoro, chloro, OH, - OCH —C(O)CH, -NH2, 
- N(CH), N(CHCHOCH), —C(O)OH, -C(O) 
OCH - C(O)OCHCH, C(O)OCH(CH), C(O) 
NH, C(O)NHCH, C(O)NH(CHCH), C(O)N 
(CH), C(O)N(CHCH), -NHC(O)CH, -NHC(O) 
CH(CH), NHC(O)Ph, OC(O)CH, OC(O) 
CHCH, OC(O)CH(CH), and OC(O)C(CH). 
0074. In certain embodiments of a compound of Formula 

(I), each Substituent group is independently chosen from 
methyl, isopropyl, sec-butyl, —CH2OH. —CH2CH2OH. 
—CH(OH)CH, CHOCH, and CHCHOCH. 
0075. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
C. alkyl, Substituted C. alkyl, C. heteroalkyl, substi 
tuted C. heteroalkyl, C-2 cycloalkyl, Substituted C-2 
cycloalkyl, C. cycloalkylalkyl, Substituted C. 
cycloalkylalkyl, Cao aryl, Substituted Cao aryl, C7-12 ary 
lalkyl, and Substituted C-2 arylalkyl. 
0076. In certain embodiments of a compound of Formula 

(I), each R" and R is independently chosen from hydrogen 
and C alkyl. 
0077. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
methyl, ethyl, n-propyl, isopropyl. n-butyl, isobutyl, tert 
butyl, n-pentyl, pentyl-2-yl, 2-methylbutyl, isopentyl, 
3-methylbutan-2-yl, neopentyl, tert-pentyl, n-hexyl, hexan 
2-yl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 
3-methylpentan-2-yl 4-methylpentan-2-yl, 2,3-dimethylbu 
tyl, and 3.3-dimethylbutyl. 
0078. In certain embodiments of a compound of Formula 

(I), each R" and R is independently chosen from hydrogen 
and Substituted C. alkyl. 
0079. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
substituted methyl, substituted ethyl, substituted n-propyl. 
substituted isopropyl, substituted n-butyl, substituted isobu 
tyl, substituted tert-butyl, substituted n-pentyl, substituted 
pentyl-2-yl, substituted 2-methylbutyl, substituted isopentyl, 
substituted 3-methylbutan-2-yl, substituted neopentyl, sub 
stituted tert-pentyl, substituted n-hexyl, substituted hexan 
2-yl, substituted 2-methylpentyl, substituted 3-methylpen 
tyl, substituted 4-methylpentyl, substituted 3-methylpentan 
2-yl, substituted 4-methylpentan-2-yl, substituted 2,3- 
dimethylbutyl, substituted and substituted 3.3- 
dimethylbutyl, wherein each substituent group is 
independently chosen from halogen, —OH, -CN. —CF, 
=O, NO, phenyl, benzyl, -C(O)NR', -R', 
OR2, C(O)R2, C(O)CR2, NR NRC(O) 

R"...and O(O)R’, wherein each R’ is independently 
chosen from hydrogen and C alkyl. 
0080. In certain embodiments of a compound of Formula 

(I), each R" and R is independently chosen from hydrogen 
and C. heteroalkyl. 
0081. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
methoxymethyl, 2-methoxyethyl, 2-ethoxyethyl, 
3-methoxypropyl, 3-ethoxypropyl, and 4-methoxybutyl. 
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I0082 In certain embodiments of a compound of Formula 
(I), each R" and R is independently chosen from hydrogen 
and Substituted C. heteroalkyl. 
I0083. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
substituted methoxymethyl, substituted 2-methoxyethyl, 
substituted 2-ethoxyethyl, substituted 3-methoxypropyl, 
substituted 3-ethoxypropyl, and substituted 4-methoxybutyl, 
wherein each Substituent group is independently chosen 
from halogen, —OH, -CN. —CF =O, NO phenyl, 
benzyl, -C(O)NR', R, OR, C(O)R’, C(O) 
OR', NR', and —O(O)R’, wherein each R is inde 
pendently chosen from hydrogen and C alkyl. 
I0084. In certain embodiments of a compound of Formula 
(I), each R" and R is independently chosen from hydrogen 
and C-2 cycloalkyl. 
I0085. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep 
tyl, and cyclooctyl. 
I0086. In certain embodiments of a compound of Formula 
(I), each R" and R is independently chosen from hydrogen 
and substituted C-2 cycloalkyl. 
I0087. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
substituted cyclopropyl, substituted cyclobutyl, substituted 
cyclopentyl, Substituted cyclohexyl, Substituted cycloheptyl, 
and Substituted cyclooctyl, wherein each Substituent group is 
independently chosen from halogen, —OH, -CN. —CF, 
=O, NO, phenyl, benzyl, -C(O)NR', -R', 
OR, C(O)R', C(O)OR, NR NRC(O) 

R', and O(O)R’, wherein each R is independently 
chosen from hydrogen and C alkyl. 
I0088. In certain embodiments of a compound of Formula 
(I), each R" and R is independently chosen from hydrogen 
and C2 cycloalkylalkyl. 
I0089. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, 
cyclohexylmethyl, cycloheptylmethyl, and cyclooctylm 
ethyl. 
0090. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
cyclopentylmethyl, and cyclohexylmethyl. 
0091. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
cyclopropylethyl, cyclobutylethyl, cyclopentylethyl, cyclo 
hexylethyl, cycloheptylethyl, and cyclooctylethyl. 
0092. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
cyclopentylethyl, and cyclohexylethyl. 
0093. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
2-cyclopropylethyl, 2-cyclobutylethyl, 2-cyclopentylethyl, 
2-cyclohexylethyl, 2-cycloheptylethyl, and 2-cyclooctyl 
ethyl. 
0094. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
2-cyclopentylethyl, and 2-cyclohexylethyl. 
0095. In certain embodiments of a compound of Formula 
(I), each R" and R is independently chosen from hydrogen 
and Substituted C-2 cycloalkylalkyl. 
0096. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
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substituted cyclopropylmethyl, substituted cyclobutylm 
ethyl, substituted cyclopentylmethyl, substituted cyclohex 
ylmethyl, substituted cycloheptylmethyl, and substituted 
cyclooctylmethyl, wherein each Substituent group is inde 
pendently chosen from halogen, —OH, -CN. —CF =O. 
-NO, phenyl, benzyl, -C(O)NR', R', -OR', 
C(O)R', C(O)OR, NR NRC(O)R', and 

—O(O)R’, wherein R is independently chosen from 
hydrogen and C alkyl. 
0097. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
substituted cyclopentylmethyl, and substituted cyclohexyl 
methyl, wherein each Substituent group is independently 
chosen from halogen, —OH, -CN. —CF =O, NO, 
phenyl, benzyl, -C(O)NR', R', -OR', —C(O)R’, 
C(O)CR', NR NRC(O)R’, and O(O)R’, 

wherein each R’ is independently chosen from hydrogen 
and C alkyl. 
0098. In certain embodiments of a compound of Formula 

(I), each R" and R is independently chosen from hydrogen 
and Co-o aryl. 
0099. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
phenyl, phenylphenyl, and naphthyl. 
0100. In certain embodiments of a compound of Formula 

(I), each R" and R is independently chosen from hydrogen 
and Substituted Co aryl. 
0101. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
substituted phenyl, substituted phenylphenyl, and substi 
tuted naphthyl, wherein each Substituent group is indepen 
dently chosen from halogen, —OH, -CN. —CF =O. 
-NO, phenyl, benzyl, -C(O)NR', R', -OR', 
C(O)R', C(O)OR, NR NRC(O)R', and 

—O(O)R’, wherein R is independently chosen from 
hydrogen and C alkyl. 
0102. In certain embodiments of a compound of Formula 

(I), each R" and R is independently chosen from hydrogen 
and C7-12 arylalkyl. 
0103) In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
benzyl, 2-phenylethan-1-yl, 2-phenylethen-1-yl, naphthylm 
ethyl 2-naphthylethan-1-yl, and 2-maphthylethen-1-yl. 
0104. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
benzyl, and 2-phenylethan-1-yl. 
0105. In certain embodiments of a compound of Formula 

(I), each R" and R is independently chosen from hydrogen 
and Substituted C-2 arylalkyl. 
0106. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
substituted benzyl, substituted 2-phenylethan-1-yl, substi 
tuted 2-phenylethen-1-yl, substituted naphthylmethyl, sub 
stituted 2-maphthylethan-1-yl, and substituted 2-maphthyle 
then-1-yl, wherein each Substituent group is independently 
chosen from halogen, —OH, -CN. —CF =O, NO, 
phenyl, benzyl, -C(O)NR', R', -OR', —C(O)R’, 
C(O)OR, NR NRC(O)R', and O(O)R’, 
wherein each R’ is independently chosen from hydrogen 
and C alkyl. 
0107. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
substituted benzyl, and substituted 2-phenylethan-1-yl, 
wherein each Substituent group is independently chosen 
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from halogen, —OH, -CN. —CF =O, NO phenyl, 
benzyl, C(O)NR', R, OR, C(O)R’, C(O) 
OR', NR's, NRC(O)R', and O(O)R’, wherein 
each R is independently chosen from hydrogen and Ca 
alkyl. 
0108. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from C-2 
heterocycloalkyl, Substituted C. heterocycloalkyl, Cso 
heteroaryl, and Substituted Cso heteroaryl. 
0109. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from from 
C. heterocycloalkyl. 
0110. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from azepan 
1-yl; azetidin-1-yl; 2H-azet-1-yl; aziridin-1-yl; azirin-1-yl; 
aZocan-1-yl: 1,2-dihydroimidazol-3-yl; 2,4-dihydroimida 
Zol-3-yl; 4.5-dihydroimidazol-1-yl: 1,3-dihydropyrazol-2- 
yl: 1,5-dihydropyrazol-2-yl: 3,4-dihydropyrazol-2-yl; 2.3- 
dihydropyrrol-1-yl; 2.5-dihydropyrrol-1-yl: 1,5-dihydro-1, 
2,4-triazol-4-yl; 3,5-dihydro-1,2,4-triazol-4-yl: 4,5- 
dihydrotriazol-1-yl: 1,3,5-dioxazinan-5-yl: 1,3,2-dioxazol 
2-yl: hexahydropyrimidin-1-yl; imidazolidin-1-yl: 
morpholin-4-yl: 1.3-oxazetidin-3-yl oxazetidin-2-yl: 1,3- 
oxazinan-3-yl, oxazolidin-3-yl; 2H-Oxazol-3-yl; piperazin 
1-yl: 1-piperidyl; pyrazolidin-1-yl; and pyrrolidin-1-yl. 
0111. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from mor 
pholin-4-yl: oxazolidin-3-yl: 1-piperidyl; pyrrolidin-1-yl: 
2,5-dioxopyrrolidin-1-yl; and 2-oxopyrrolidin-1-yl. 
0112. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from mor 
pholin-4-yl. 
0113. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Substi 
tuted C. heterocycloalkyl. 
0114. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Substi 
tuted azepan-1-yl; substituted azetidin-1-yl; substituted 
2H-azet-1-yl; substituted aziridin-1-yl; substituted azirin-1- 
yl; substituted azocan-1-yl; substituted 1,2-dihydroimida 
Zol-3-yl; substituted 2,4-dihydroimidazol-3-yl; substituted 
4,5-dihydroimidazol-1-yl; substituted 1,3-dihydropyrazol 
2-yl; substituted 1,5-dihydropyrazol-2-yl; substituted 3,4- 
dihydropyrazol-2-yl; substituted 2,3-dihydropyrrol-1-yl: 
substituted 2,5-dihydropyrrol-1-yl; substituted 1,5-dihydro 
1,2,4-triazol-4-yl; substituted 3,5-dihydro-1,2,4-triazol-4-yl: 
substituted 4,5-dihydrotriazol-1-yl; substituted 1,3,5-diox 
azinan-5-yl; substituted 1,3,2-dioxazol-2-yl; substituted 
hexahydropyrimidin-1-yl; substituted imidazolidin-1-yl: 
substituted morpholin-4-yl; substituted 1.3-oxazetidin-3-yl; 
substituted oxazetidin-2-yl; substituted 1.3-oxazinan-3-yl; 
substituted oxazolidin-3-yl; substituted 2H-oxazol-3-yl; 
substituted piperazin-1-yl; substituted 1-piperidyl; substi 
tuted pyrazolidin-1-yl; and substituted pyrrolidin-1-yl: 
wherein each Substituent group is independently chosen 
from halogen, —OH, -CN. —CF =O, NO phenyl, 
benzyl, C(O)NR', R, OR, C(O)R’, C(O) 
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OR', NR's, NRC(O)R', and O(O)R’, wherein 
each R is independently chosen from hydrogen and Ca 
alkyl. 
0115. In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from 
(4-amino-2-oxo-pyrimidin-1-yl); (2R)-2-carboxypyrroli 
din-1-yl); (2,4-dioxoimidazolidin-1-yl); (2,4-dioxooxazoli 
din-3-yl); (2,5-dioxopiperazin-1-yl); (2,6-dioxo-1-piper 
idyl); (2,4-dioxopyrimidin-1-yl); (2,5-dioxopyrrolidin-1- 
yl); (2,4-dioxo-1H-pyrimidin-3-yl); (2,5-dioxopyrrol-1-yl); 
(5-methyl-2,4-dioxo-pyrimidin-1-yl); 1,3,4-oxadiazin-4-yl; 
1,4-oxazin-4-yl, oxazin-2-yl: (2-oxoaZetidin-1-yl); (3-OX 
oaZetidin-1-yl); (2-oxoimidazolidin-1-yl); (2-oxomorpho 
lin-4-yl); (2-oxo-1-piperidyl); (3-oxo-1-piperidyl); 
(2-oxooxazolidin-3-yl); (4-oxo-1-piperidyl); (2-oxopyrroli 
din-1-yl); and (3-oxopyrrolidin-1-yl). 
0116. In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Cso 
heteroaryl. 
0117. In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Cso 
heteroaryl. 
0118. In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from imida 
Zol-yl; indol-yl; pyrazin-yl; pyridyl pyrimidin-yl; pyrrol-yl; 
tetrazol-yl; and triazol-yl. 
0119. In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from benz 
imidazol-1-yl; benzotriazol-1-yl: 1,2,4-benzoxadiazin-2-yl; 
1,4-benzoxazin-4-yl; carbazol-9-yl; imidazol-1-yl; indazol 
1-yl; indolin-1-yl; indol-1-yl; isoindolin-2-yl; phenoxazin 
10-yl; purin-7-yl; purin-9-yl; pyrazol-1-yl; pyrrol-1-yl; tet 
razol-1-yl; triazol-1-yl; and 1,2,4-triazol-4-yl. 
0120 In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from indol 
1-yl; purin-7-yl; purin-9-yl; and 1,2,4-triazol-4-yl. 
0121. In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Substi 
tuted Cso heteroaryl ring. 
0122. In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Substi 
tuted imidazol-yl; substituted indol-yl; substituted pyrazin 
yl; substituted pyridyll; substituted pyrimidin-yl; substituted 
pyrrol-yl; substituted tetrazol-yl; and substituted triazol-yl: 
wherein each Substituent group is independently chosen 
from halogen, OH, -CN. —CFs—O. —NO phenyl, 
benzyl, -C(O)NR', -R, OR, C(O)R’, C(O) 
OR', NR's, NRC(O)R', and O(O)R’, wherein 
each R' is independently chosen from hydrogen and Ca 
alkyl. 
0123. In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Substi 
tuted benzimidazol-1-yl; substituted benzotriazol-1-yl; sub 
stituted 1,2,4-benzoxadiazin-2-yl; substituted 1,4-benzox 
azin-4-yl; substituted carbazol-9-yl; substituted imidazol-1- 
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yl; substituted indazol-1-yl; substituted indolin-1-yl: 
substituted indol-1-yl; substituted isoindolin-2-yl; substi 
tuted phenoxazin-10-yl; substituted purin-7-yl; substituted 
purin-9-yl; substituted pyrazol-1-yl; substituted pyrrol-1-yl: 
substituted tetrazol-1-yl; substituted triazol-1-yl; and substi 
tuted 1,2,4-triazol-4-yl; wherein each Substituent group is 
independently chosen from halogen, —OH, -CN. —CH, 
—CF =O. —NH, NO. —C(O)NH2. —OCH, 
- C(O)H, and C(O)OH. 
0.124. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from 
(2-amino-6-oxo-1H-purin-9-yl); (6-aminopurin-9-yl); (2,3- 
dioxoindolin-1-yl); (1,3-dioxoisoindolin-2-yl); (2-oxoindo 
lin-1-yl); and (1-oxoisoindolin-2-yl). 
0.125. In certain embodiments of a compound of Formula 
(I), each X* is independently chosen from C, alkane-diyl. 
Substituted C. alkane-diyl. C. heteroalkane-diyl. Substi 
tuted C. heteroalkane-diyl, C-2 cycloalkane-diyl. Substi 
tuted C. cycloalkane-diyl. C. cycloalkylalkane-diyl. 
Substituted C-2 cycloalkylalkane-diyl. C. heterocycloal 
kane-diyl. Substituted C. heterocycloalkane-diyl. C. 
heterocycloalkylalkane-diyl. Substituted C. heterocy 
cloalkylalkane-diyl, Co arene-diyl. Substituted Co 
arene-diyl, C-2 arylalkane-diyl. Substituted C-2 arylal 
kane-diyl, Cso heteroarene-diyl. Substituted Cso het 
eroarene-diyl, Cso heteroarylalkane-diyl, and substituted 
Cso heteroarylalkane-diyl. 
0126. In certain embodiments of a compound of Formula 
(I), each X* is independently chosen from C, alkane-diyl. 
Substituted C. alkane-diyl, C-2 cycloalkane-diyl. Substi 
tuted C-2 cycloalkane-diyl, Co arene-diyl, and Substi 
tuted Co arene-diyl. 
I0127. In certain embodiments of a compound of Formula 
(I), each X* is independently chosen from C, alkane-diyl. 
C. cycloalkane-diyl, and Co arene-diyl. 
I0128. In certain embodiments of a compound of Formula 
(I), X is chosen from C, alkane-diyl. 
I0129. In certain embodiments of a compound of Formula 
(I), each X* is independently chosen from methane-diyl: 
ethane-1,1-diyl ethane-1,2-diyl: 1,1-dimethylethane-1,2- 
diyl: 2-methylpropane-1,2-diyl; propane-1,2-diyl; propane 
1,3-diyl: 2-methylpropane-1,2-diyl; 2.2-dimethylpropane-1, 
3-diyl; butane-1,2-diyl; butane-1,3-diyl; butane-1,4-diyl: 
butane-2,3-diyl: 2,3-dimethylbutane-2,3-diyl; pentane-1,5- 
diyl; and hexane-1,6-diyl. 
0.130. In certain embodiments of a compound of Formula 
(I), each X* is independently chosen from methane-diyl: 
ethane-1,1-diyl ethane-1,2-diyl: 1,1-dimethylethane-1,2- 
diyl: 2-methylpropane-1,2-diyl; propane-1,2-diyl; propane 
1,3-diyl: 2-methylpropane-1,2-diyl; 2.2-dimethylpropane-1, 
3-diyl; and hexane-1,6-diyl. 
I0131. In certain embodiments of a compound of Formula 
(I), each X* is independently chosen from methane-diyl: 
ethane-1,2-diyl: 2-methylpropane-1,2-diyl; propane-1,3- 
diyl; 2.2-dimethylpropane-1,3-diyl; and hexane-1,6-diyl. 
0.132. In certain embodiments of a compound of Formula 
(I), each X is independently chosen from methane-diyl; 
ethane-1,2-diyl: 2-methylpropane-1,2-diyl; and propane-1, 
3-diyl. 
I0133. In certain embodiments of a compound of Formula 
(I), each X is methane-diyl. 
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0134. In certain embodiments of a compound of Formula 
(I), each X* is independently chosen from C-12 cycloalkane 
diyl, and Substituted C-2 cycloalkane-diyl. 
0135) In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from cyclopentane 
diyl, and cyclohexane-diyl. 
0136. In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from cyclohexane-1, 
2-diyl; cyclohexane-1,3-diyl; cyclohexane-1,4-diyl; methyl 
cyclohexane-O,2-diyl; methylcyclohexane-O.3-diyl; meth 
ylcyclohexane-O,4-diyl; 1,2-dimethylcyclohexane-O. 
O'-diyl: 1,3-dimethylcyclohexane C.C.'-diyl; and 1,4-dimeth 
ylcyclohexane-C, O'-diyl. 
0.137 In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from Ca2 cycloalky 
lalkane-diyl, and substituted C. cycloalkylalkane-diyl. 
0.138. In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from methylcyclopen 
tane-diyl, and methylcyclohexane-diyl. 
0.139. In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from methylcyclo 
hexane-O,1-diyl; methylcyclohexane-O.2-diyl; methylcy 
clohexane-O.3-diyl; methylcyclohexane-O,4-diyl: 1,2-dim 
ethylcyclohexane-O.C.'-diyl: 1,3-dimethylcyclohexane C.C.'- 
diyl; and 1,4-dimethylcyclohexane-O.C.'-diyl. 
0140. In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from Cao arene-diyl. 
0141. In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from benzene-diyl, and 
naphthalene-diyl. 
0142. In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from benzene-1,2-diyl: 
benzene-1,3-diyl; and benzene-1,4-diyl. 
0143. In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from benzene-1,4-diyl. 
0144. In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from C-2 arylalkane 
diyl, and substituted C7 arylalkane-diyl. 
0145. In certain embodiments of a compound of Formula 

(I), each X is independently chosen from toluene-diyl, and 
Xylene-diyl. 
0146 In certain embodiments of a compound of Formula 

(I), each X is independently chosen from toluene-C,2-diyl: 
toluene-C,3-diyl; toluene-C,4-diyl; o-Xylene-C.C.'-diyl; 
m-Xylene-C, O'-diyl; and p-Xylene-C.C.'-diyl. 
0147 In certain embodiments of a compound of Formula 

(I), each X* is independently chosen from toluene-C,4-diyl: 
and p-Xylene-C.C.'-diyl. 
0148. In certain embodiments of a compound of Formula 
(I),each R' and R is independently chosen from hydrogen, 
C. alkyl, Substituted C. alkyl, C. heteroalkyl, substi 
tuted C. heteroalkyl, C-2 cycloalkyl, Substituted C-2 
cycloalkyl, C. cycloalkylalkyl, Substituted C. 
cycloalkylalkyl, Cao aryl, Substituted Cao aryl, C7-12 ary 
lalkyl, and substituted C, arylalkyl; or each R' and R' 
together with the nitrogen to which they are bonded inde 
pendently forms a ring chosen from a C-2 heterocy 
cloalkyl, Substituted C. heterocycloalkyl, Cso het 
eroaryl, and substituted Cso heteroaryl; and each X is 
independently chosen from C alkane-diyl. Substituted 
C. alkane-diyl. C. heteroalkane-diyl. Substituted C. 
heteroalkane-diyl, C-2 cycloalkane-diyl. Substituted C-2 
cycloalkane-diy1, C2 cycloalkylalkane-diyl. Substituted 
C. cycloalkylalkane-diyl. C. heterocycloalkane-diyl. 
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Substituted C. heterocycloalkane-diyl. C. heterocy 
cloalkylalkane-diyl. Substituted C. heterocycloalkylal 
kane-diyl, Co arene-diyl. Substituted Co arene-diyl. 
Cz arylalkane-diyl. Substituted C7 arylalkane-diyl. 
Cso heteroarene-diyl. Substituted Cso heteroarene-diyl. 
Cso heteroarylalkane-diyl, and substituted Cso heteroary 
lalkane-diyl; wherein each Substituent group is indepen 
dently chosen from halogen, —OH, -CN. —CF =O. 
- NO, phenyl, benzyl, -C(O)NR', -R, OR, 
C(O)R', C(O)OR, NR NRC(O)R', and 

—O(O)R’, wherein each R is independently chosen from 
hydrogen and C alkyl. 
0149. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
C. alkyl, Substituted C. alkyl, C. heteroalkyl, Substi 
tuted C. heteroalkyl, C-2 cycloalkyl, Substituted C-2 
cycloalkyl, C. cycloalkylalkyl, Substituted C. 
cycloalkylalkyl, Co-o aryl, Substituted Cao aryl, C7-12 ary 
lalkyl, and substituted C7 arylalkyl: or each R' and R' 
together with the nitrogen to which they are bonded inde 
pendently forms a ring chosen from a C-2 heterocy 
cloalkyl, Substituted C. heterocycloalkyl, Cso het 
eroaryl, and substituted Cso heteroaryl; and each X* is 
independently chosen from C alkane-diyl. Substituted 
C. alkane-diyl, C-2 cycloalkane-diyl. Substituted C-2 
cycloalkane-diyl, Co arene-diyl, and substituted Co 
arene-diyl; wherein each Substituent group is independently 
chosen from halogen, —OH, -CN. —CFs—O. —NO, 
phenyl, benzyl, -C(O)NR', R', OR', —C(O)R’, 
C(O)OR, NR NRC(O)R', and O(O)R’, 

wherein each R’ is independently chosen from hydrogen 
and C alkyl. 
0150. In certain embodiments of a compound of Formula 
(I), each R' and R is independently chosen from hydrogen, 
methyl, ethyl, n-propyl, isopropyl. n-butyl, tert-butyl, n-pen 
tyl, n-hexyl, methoxymethyl, 2-methoxyethyl, 2-ethoxy 
ethyl, 3-methoxypropyl, 3-ethoxypropyl, 4-methoxybutyl, 
cyclohexyl, cyclohexylmethyl, phenyl, benzyl, Substituted 
methyl, substituted phenyl, and substituted benzyl; or each 
R" and R together with the nitrogen to which they are 
bonded independently forms a ring chosen from azepan-1- 
y1, aZetidin-1-yl, 2H-aZet-1-yl, aziridin-1-yl, azirin-1-yl, 
aZocan-1-yl, 1,2-dihydroimidazol-3-yl, 2,4-dihydroimida 
Zol-3-yl 4,5-dihydroimidazol-1-yl, 1,3-dihydropyrazol-2- 
yl, 1,5-dihydropyrazol-2-yl, 3,4-dihydropyrazol-2-yl, 2.3- 
dihydropyrrol-1-yl, 2,5-dihydropyrrol-1-yl, 1,5-dihydro-1, 
2,4-triazol-4-yl, 3,5-dihydro-1,2,4-triazol-4-yl, 4,5- 
dihydrotriazol-1-yl, 1,3,5-dioxazinan-5-yl, 1,3,2-dioxazol 
2-yl, hexahydropyrimidin-1-yl, imidazolidin-1-yl, 
morpholin-4-yl, 1.3-oxazetidin-3-yl, oxazetidin-2-yl, 1.3- 
oxazinan-3-yl, oxazolidin-3-yl, 2H-Oxazol-3-yl, piperazin 
1-yl, 1-piperidyl, pyrazolidin-1-yl, and pyrrolidin-1-yl; and 
each X* is independently chosen from methane-diyl ethane 
1,1-diyl ethane-1,2-diyl 2-phenylethane-1,2-diyl, 2-meth 
ylpropane-1,2-diyl, propane-1,2-diyl, propane-1,3-diyl. 2.2- 
dimethylpropane-1,3-diyl, butane-1,2-diyl, butane-1,3-diyl. 
butane-1,4-diyl, butane-2,3-diy1, 2,3-dimethylbutane-2,3- 
diyl, pentane-1,5-diyl, hexane-1,6-diyl cyclopentane-1,2- 
diyl, cyclopentane-1,3-diyl, methylcyclopentane-O.3-diyl. 
cyclohexane-1,2-diyl, cyclohexane-1,3-diyl, cyclohexane-1, 
4-diyl, methylcyclohexane-O,4-diyl, benzene-1,4-diyl, tolu 
ene-C,4-diyl, and p-Xylene-C.C.'-diyl; wherein each Substitu 
ent group is independently chosen from halogen, —OH, 
—CN, —CF, =O, NO, phenyl, benzyl, -C(O)NR'', 
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R, OR, C(O)R', C(O)OR, NR, 
- NRC(O)R', and—O(O)R’, wherein each R is inde 
pendently chosen from hydrogen and C alkyl. 
0151. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
methyl, ethyl, n-propyl, isopropyl. n-butyl, tert-butyl, n-pen 
tyl, n-hexyl, methoxymethyl, 2-methoxyethyl, cyclohexyl, 
cyclohexylmethyl, phenyl, benzyl, and substituted methyl: 
or each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from mor 
pholin-4-yl, piperazin-1-yl, and 1-piperidyl; and each X* is 
independently chosen from methane-diyl ethane-1,1-diyl. 
ethane-1,2-diyl 2-phenylethane-1,2-diyl 2-methylpropane 
1.2-diyl, propane-1,2-diyl, propane-1,3-diyl, benzene-1,4- 
diyl, toluene-C,4-diyl, and p-Xylene-C.C.'-diyl; wherein each 
Substituent group is independently chosen from —OH. =O. 
benzyl, -C(O)NR', R', and OR, wherein each 
R’ is independently chosen from hydrogen, methyl, ethyl, 
n-propyl, isopropyl. n-butyl, and tert-butyl. 
0152. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
methyl, ethyl, n-propyl, 2-methoxyethyl, cyclohexyl, cyclo 
hexylmethyl, phenyl, benzyl, and substituted methyl; or 
each R" and R together with the nitrogen to which they are 
bonded independently forms a ring chosen from morpholin 
4-yl, piperazin-1-yl, and 1-piperidyl; and each X* is inde 
pendently chosen from methane-diyl ethane-1,1-diyl, eth 
ane-1,2-diyl, 2-methylpropane-1,2-diyl, propane-1,2-diyl. 
propane-1,3-diyl, benzene-1,4-diyl, and toluene-C,4-diyl; 
wherein each Substituent group is independently chosen 
from -OH, =O, phenyl, R', and —OR', wherein each 
R’ is independently chosen from hydrogen, methyl, ethyl, 
n-propyl, isopropyl. n-butyl, and tert-butyl. 
0153. In certain embodiments of a compound of Formula 

(I), each R' and R is independently chosen from hydrogen, 
methyl ethyl, n-propyl, and 2-methoxyethyl; or each R' and 
R° together with the nitrogen to which they are bonded 
independently forms a ring chosen from morpholin-4-yl; and 
each X* is independently chosen from methane-diyl ethane 
1,1-diyl ethane-1,2-diyl, 2-methylpropane-1,2-diyl, pro 
pane-1,2-diyl, propane-1,3-diyl, benzene-1,4-diyl, and tolu 
ene-C,4-diyl. 
0154) In certain embodiments of a compound of Formula 

(I), each RandR is hydrogen; and each X is methane-diyl. 
0155. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is methyl; and each X* is 
methane-diyl. 
0156. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is ethyl; and each X" is 
methane-diyl. 
0157. In certain embodiments of a compound of Formula 

(I), each R' is hydrogen; each R is n-propyl; and each X' 
is methane-diyl. 
0158. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is isopropyl; and each X' 
is methane-diyl. 
0159. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is 2-methoxyethyl; and 
each X is methane-diyl. 
0160. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is cyclopentyl; and each X' 
is methane-diyl. 
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0.161. In certain embodiments of a compound of Formula 
(I), each R" is hydrogen; each R is cyclohexyl; and each X' 
is methane-diyl. 
0162. In certain embodiments of a compound of Formula 
(I), each R" and R is methyl; and each X* is methane-diyl. 
0163. In certain embodiments of a compound of Formula 
(I), each R' and R is ethyl; and each X is methane-diyl. 
0164. In certain embodiments of a compound of Formula 
(I), each RandR is n-propyl; and each X is methane-diyl. 
0.165. In certain embodiments of a compound of Formula 
(I), each R" and R is n-butyl; and each X* is methane-diyl. 
0166 In certain embodiments of a compound of Formula 
(I), each R" and R is 2-methoxyethyl; and each X is 
methane-diyl. 
0167. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from pyrro 
lidin-1-yl; and each X* is methane-diyl. 
0.168. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Substi 
tuted pyrrolidin-1-yl; and each X is methane-diyl. 
0169. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from (2S)- 
2-methoxycarbonylpyrrolidin-1-yl); and each X" is meth 
ane-diyl. 
(0170 In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from 1-pip 
eridyl; and each X" is methane-diyl. 
0171 In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Substi 
tuted 1-piperidyl; and each X* is methane-diyl. 
0172. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from (4-oxo 
1-piperidyl); and each X is methane-diyl. 
0173. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from mor 
pholin-4-yl; and each X" is methane-diyl. 
0.174. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from (2-oxo 
morpholin-4-yl); and each X* is methane-diyl. 
0.175. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from 
(4-methylpiperazin-1-yl); and each X* is methane-diyl. 
0176). In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from 
(4-acetylpiperazin-1-yl); and each X* is methane-diyl. 
0177. In certain embodiments of a compound of Formula 
(I), the compound is chosen from a compound of Formula 
(I-A-1), Formula (I-A-2). Formula (I-A-3), Formula (I-A-4), 
Formula (I-A-5), Formula (I-A-6). Formula (I-A-7), For 
mula (I-A-8), Formula (I-A-9). Formula (I-A-10), Formula 
(I-A-11), Formula (I-A-12). Formula (I-A-13), Formula 
(I-A-14), Formula (I-A-15). Formula (I-A-16). Formula 
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(I-A-17), Formula (I-A-18). Formula (I-A-19), and Formula 
(I-A-20), or a pharmaceutically acceptable salt of any of the 
foregoing: 

(I-A-1) (I-A-2) 

O O O O O O 

N O N O - N-s-s - --~~ 
O O O O O O 

(I-A-3) (I-A-4) 

O O O O O O 

N O N O 1 - N-N-s-s- N1 - N-N-N-N- 
O O O O O O 

(I-A-5) (I-A-6) 

O O O 1. O O O 
N - O -k-N-- y - N-N-s-s s N- N-ror 

O O O O O O 

(I-A-7) (I-A-8) 

o1 O O O O O O 

s N O N 1 N O 1. N- - -N--~ -- ~~ O O O 
O O O -O 

(I-A-9) (I-A-10) 

o1 N O O O 

N-----N-s-s-s s o1 r O O O s 

O O O N cro 
(I-A-11) (I-A-12) 

{O O O O O O O "Y- OS 

O O O Yo -r O O O O) 

(I-A-13) (I-A-14) 

O O O r O O O C-ric C-rro 
(I-A-15) (I-A-16) 

O O O O $1 O O 
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O O O O 

N---------~~'s 
O O O O 

or -r- O 
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S--~~ 

N 

0178. In certain embodiments of a compound of Formula 
(I), each R" and R is hydrogen; and each X is 2-methyl 
propane-1,2-diyl. 
0179. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is methyl; and each X is 
2-methylpropane-1,2-diyl. 
0180. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is ethyl; and each X" is 
2-methylpropane-1,2-diyl. 
0181. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is n-propyl; and each X' 
is 2-methylpropane-1,2-diyl. 
0182. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is isopropyl; and each X' 
is 2-methylpropane-1,2-diyl. 
0183 In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is 2-methoxyethyl; and 
each X is 2-methylpropane-1,2-diyl. 
0184. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is cyclopentyl; and each X' 
is 2-methylpropane-1,2-diyl. 
0185. In certain embodiments of a compound of Formula 

(I), each R" is hydrogen; each R is cyclohexyl; and each X' 
is 2-methylpropane-1,2-diyl. 
0186. In certain embodiments of a compound of Formula 

(I), each R" and R is methyl; and each X is 2-methylpro 
pane-1,2-diyl. 
0187. In certain embodiments of a compound of Formula 

(I), each R" and R is ethyl; and each X is 2-methylpropane 
1,2-diyl. 

O 
N ~ O O O 

------ 

(I-A-17) 

(I-A-18) 

(I-A-19) 

N - 
O 

(I-A-20) 

N 

0188 In certain embodiments of a compound of Formula 
(I), each R' and R is n-propyl; and each X" is 2-methyl 
propane-1,2-diyl. 
0189 In certain embodiments of a compound of Formula 
(I), each R" and R is n-butyl; and each X is 2-methylpro 
pane-1,2-diyl. 
0190. In certain embodiments of a compound of Formula 
(I), each R" and R is 2-methoxyethyl; and each X* is 
2-methylpropane-1,2-diyl. 
0191 In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from pyrro 
lidin-1-yl; and each X* is 2-methylpropane-1,2-diyl. 
0.192 In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Substi 
tuted pyrrolidin-1-yl; and each X* is 2-methylpropane-1,2- 
diyl. 
0193 In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from (2S)- 
2-methoxycarbonylpyrrolidin-1-yl); and each X is 2-meth 
ylpropane-1,2-diyl. 
0194 In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from 1-pip 
eridyl; and each X is 2-methylpropane-1,2-diyl. 
0.195. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from Substi 
tuted 1-piperidyl; and each X" is 2-methylpropane-1,2-diyl. 
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0196. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from (4-oxo 
1-piperidyl); and each X is 2-methylpropane-1,2-diyl. 
0197) In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from mor 
pholin-4-yl; and each X* is 2-methylpropane-1,2-diyl. 
0198 In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from (2-oxo 
morpholin-4-yl); and each X* is 2-methylpropane-1,2-diyl. 
0199. In certain embodiments of a compound of Formula 

(I), each R' and R together with the nitrogen to which they 

O O O 

N------><s. 
O O O 

(I-B-1) 
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are bonded independently forms a ring chosen from 
(4-methylpiperazin-1-yl); and each X* is 2-methylpropane 
1,2-diyl. 
0200. In certain embodiments of a compound of Formula 
(I), each R' and R together with the nitrogen to which they 
are bonded independently forms a ring chosen from 
(4-acetylpiperazin-1-yl); and each X* is 2-methylpropane 
1,2-diyl. 
0201 In certain embodiments of a compound of Formula 
(I), the compound is chosen from a compound of Formula 
(I-B-1), Formula (I-B-2). Formula (I-B-3). Formula (I-B-4), 
Formula (I-B-5), Formula (I-B-6). Formula (I-B-7), Formula 
(I-B-8), Formula (I-B-9). Formula (I-B-10). Formula (I-B- 
11), Formula (I-B-12). Formula (I-B-13), Formula (I-B-14), 
Formula (I-B-15), and Formula (I-B-16), or a pharmaceuti 
cally acceptable salt of any of the foregoing: 

(I-B-2) 

O O O 

N O 1 ><-- ><!-- 
O O O 

(I-B-3) 
O O O 

N--><----> --> 
O O O 
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N--><-----><!--~'s 
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(I-B-5) 

(I-B-4) 

(I-B-6) 
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-continued 
(I-B-10) 
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0202 In certain embodiments of a compound of Formula 
(I), each R' and R is methyl; and each X is benzene-1,4- 
diyl. 
0203. In certain embodiments of a compound of Formula 

(I), each R" and R is ethyl; and each X is benzene-1,4-diyl. 
0204. In certain embodiments of a compound of Formula 

(I), each R" and R is methyl; and each X is toluene-a,4- 
diyl. 

(I-B-15) 

(I-B-16) 

0205. In certain embodiments of a compound of Formula 
(I), each R' and R is ethyl; and each X" is toluene-a,4-diyl. 
0206. In certain embodiments of a compound of Formula 
(I), the compound is chosen from a compound of Formula 
(I-C-1), Formula (I-C-2). Formula (I-C-3). Formula (I-C-4), 
Formula (I-C-5). Formula (I-C-6). Formula (I-C-7), and 
Formula (I-C-8), or a pharmaceutically acceptable salt of 
any of the foregoing: 
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Synthesis 

0207 Compounds disclosed herein may be obtained via 
the synthetic methods illustrated in Schemes I-A and I-B. 
General synthetic methods useful in the synthesis of com 
pounds described herein are available in the art. Starting 
materials useful for preparing compounds and intermediates 
thereof and/or practicing methods described herein are com 
mercially available or can be prepared by well-known 
synthetic methods. The methods presented in the schemes 
provided by the present disclosure are illustrative rather than 
comprehensive. It will be apparent to those skilled in the art 
that many modifications, both to materials and methods, 
may be practiced without departing from the scope of the 
disclosure. 

0208 Fumarate compounds of Formula (I) can be pre 
pared according to Schemes I-A and I-B: 

Scheme I-A 

O O 

-- 

O Amide 
O formation 

RI 
V 

O N-R2 - - 
Deprotection 

1) { O 
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Ester formation 
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Oxidation 
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Scheme I-B 
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ex----X- -R N 

O O O k 

wherein each R' and R is as defined herein. In certain 
embodiments of Scheme I-A, each R" and R is indepen 
dently C. alkyl such as methyl, ethyl, propyl, isopropyl. 
butyl, and tert-butyl. 

-e- 

Oxidation 

Pharmaceutical Compositions 

0209 Pharmaceutical compositions provided by the pres 
ent disclosure may comprise a therapeutically effective 
amount of a compound of Formula (I) together with a 
Suitable amount of one or more pharmaceutically acceptable 
vehicles So as to provide a composition for proper admin 
istration to a patient. Suitable pharmaceutical vehicles are 
described in the art. 

0210. In certain embodiments, a compound of Formula 
(I) may be incorporated into pharmaceutical compositions to 
be administered orally. Oral administration of such pharma 
ceutical compositions may result in uptake of a compound of 
Formula (I) throughout the intestine and entry into the 
systemic circulation. Such oral compositions may be pre 
pared in a manner known in the pharmaceutical art and 
comprise a compound of Formula (I) and at least one 
pharmaceutically acceptable vehicle. Oral pharmaceutical 
compositions may include a therapeutically effective 
amount of a compound of Formula (I) and a suitable amount 
of a pharmaceutically acceptable vehicle, so as to provide an 
appropriate form for administration to a patient. 
0211 Compounds of Formula (I) may be incorporated 
into pharmaceutical compositions to be administered by any 
other appropriate route of administration including intrad 
ermal, intramuscular, intraperitoneal, intravenous, Subcuta 
neous, intranasal, epidural, oral, Sublingual, intracerebral, 
intravaginal, transdermal, rectal, inhalation, or topical. 
0212 Pharmaceutical compositions comprising a com 
pound of Formula (I) and may be manufactured by means of 
conventional mixing, dissolving, granulating, dragee-mak 
ing, levigating, emulsifying, encapsulating, entrapping, or 
lyophilizing processes. Pharmaceutical compositions may 
be formulated in a conventional manner using one or more 
physiologically acceptable carriers, diluents, excipients, or 
auxiliaries, which facilitate processing of compounds of 
Formula (I) or crystalline forms thereof and one or more 
pharmaceutically acceptable vehicles into formulations that 
can be used pharmaceutically. Proper formulation is depen 
dent upon the route of administration chosen. Pharmaceu 
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tical compositions provided by the present disclosure may 
take the form of solutions, Suspensions, emulsion, tablets, 
pills, pellets, capsules, capsules containing liquids, powders, 
Sustained-release formulations, Suppositories, emulsions, 
aerosols, sprays, Suspensions, or any other form suitable for 
administration to a patient. 
0213 Pharmaceutical compositions provided by the pres 
ent disclosure may be formulated in a unit dosage form. A 
unit dosage form refers to a physically discrete unit Suitable 
as a unitary dose for patients undergoing treatment, with 
each unit containing a predetermined quantity of a com 
pound of Formula (I) calculated to produce an intended 
therapeutic effect. A unit dosage form may be for a single 
daily dose, for administration 2 times per day, or one of 
multiple daily doses, e.g., 3 or more times per day. When 
multiple daily doses are used, a unit dosage form may be the 
same or different for each dose. One or more dosage forms 
may comprise a dose, which may be administered to a 
patient at a single point in time or during a time interval. 
0214 Pharmaceutical compositions comprising a com 
pound of Formula (I) may be formulated for immediate 
release. 

0215. In certain embodiments, an oral dosage form pro 
vided by the present disclosure may be a controlled release 
dosage form. Controlled delivery technologies can improve 
the absorption of a drug in a particular region or regions of 
the gastrointestinal tract. Controlled drug delivery systems 
may be designed to deliver a drug in Such away that the drug 
level is maintained within a therapeutically effective win 
dow and effective and safe blood levels are maintained for 
a period as long as the system continues to deliver the drug 
with a particular release profile in the gastrointestinal tract. 
Controlled drug delivery may produce Substantially constant 
blood levels of a drug over a period of time as compared to 
fluctuations observed with immediate release dosage forms. 
For some drugs, maintaining a constant blood and tissue 
concentration throughout the course of therapy is the most 
desirable mode of treatment. Immediate release of drugs 
may cause blood levels to peak above the level required to 
elicit a desired response, which may waste the drug and may 
cause or exacerbate toxic side effects. Controlled drug 
delivery can result in optimum therapy, and not only can 
reduce the frequency of dosing, but may also reduce the 
severity of side effects. Examples of controlled release 
dosage forms include dissolution controlled systems, diffu 
sion controlled systems, ion exchange resins, osmotically 
controlled systems, erodable matrix systems, pH indepen 
dent formulations, gastric retention systems, and the like. 
0216. An appropriate oral dosage form for a particular 
pharmaceutical composition provided by the present disclo 
Sure may depend, at least in part, on the gastrointestinal 
absorption properties of a compound of Formula (I) the 
stability of a compound of Formula (I) in the gastrointestinal 
tract, the pharmacokinetics of a compound of Formula (I) 
and the intended therapeutic profile. An appropriate con 
trolled release oral dosage form may be selected for a 
particular compound of Formula (I). For example, gastric 
retention oral dosage forms may be appropriate for com 
pounds absorbed primarily from the upper gastrointestinal 
tract, and Sustained release oral dosage forms may be 
appropriate for compounds absorbed primarily from the 
lower gastrointestinal tract. Certain compounds are absorbed 
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primarily from the Small intestine. In general, compounds 
traverse the length of the small intestine in about 3 to 5 
hours. 
0217 For compounds that are not easily absorbed by the 
small intestine or that do not dissolve readily, the window 
for active agent absorption in the Small intestine may be too 
short to provide a desired therapeutic effect. 
0218. In certain embodiments, pharmaceutical composi 
tions provided by the present disclosure may be practiced 
with dosage forms adapted to provide Sustained release of a 
compound of Formula (I) upon oral administration. Sus 
tained release oral dosage forms may be used to release 
drugs over a prolonged time period and are useful when it is 
desired that a drug or drug form be delivered to the lower 
gastrointestinal tract. Sustained release oral dosage forms 
include any oral dosage form that maintains therapeutic 
concentrations of a drug in a biological fluid Such as the 
plasma, blood, cerebrospinal fluid, or in a tissue or organ for 
a prolonged time period. Sustained release oral dosage 
forms include diffusion-controlled systems such as reservoir 
devices and matrix devices, dissolution-controlled systems, 
osmotic systems, and erosion-controlled systems. Sustained 
release oral dosage forms and methods of preparing the 
same are well known in the art. 
0219. An appropriate dose of a compound of Formula (I) 
or pharmaceutical composition comprising a compound of 
Formula (I) may be determined according to any one of 
several well-established protocols. For example, animal 
studies such as studies using mice, rats, dogs, and/or mon 
keys may be used to determine an appropriate dose of a 
pharmaceutical compound. Results from animal studies may 
be extrapolated to determine doses for use in other species, 
Such as for example, humans. 

Uses 

0220 Compounds of Formula (I) and pharmaceutical 
compositions thereof may be administered to a patient 
Suffering from any disease including a disorder, condition, or 
symptom for which MHF is known or hereafter discovered 
to be therapeutically effective. Indications for which MHF 
has been prescribed, and hence for which a compound of 
Formula (I), or pharmaceutical compositions thereofare also 
expected to be effective, include psoriasis. Other indications 
for which compounds of Formula (I) may be therapeutically 
effective include multiple sclerosis, an inflammatory bowel 
disease, asthma, chronic obstructive pulmonary disease, and 
arthritis. 
0221 Methods of treating a disease in a patient provided 
by the present disclosure comprise administering to a patient 
in need of such treatment a therapeutically effective amount 
ofan fumarate of Formula (I). Compounds of Formula (I) or 
pharmaceutical compositions thereof may provide therapeu 
tic or prophylactic plasma and/or blood concentrations of 
monoester fumarate following administration to a patient. 
0222 Fumarates compounds of Formula (I) may be 
included in a pharmaceutical composition and/or dosage 
form adapted for oral administration, although fumarate of 
Formula (I) may also be administered by any other appro 
priate route. Such as for example, by injection, infusion, 
inhalation, transdermal, or absorption through epithelial or 
mucosal membranes (e.g., oral, rectal, and/or intestinal 
mucosa). 
0223 Fumarate compounds of Formula (I) may be 
administered in an amount and using a dosing schedule as 
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appropriate for treatment of a particular disease. Daily doses 
of a fumarate of Formula (I) may range from about 0.01 
mg/kg to about 50 mg/kg, from about 0.1 mg/kg to about 50 
mg/kg, from about 1 mg/kg to about 50 mg/kg, and in certain 
embodiments, from about 5 mg/kg to about 25 mg/kg. In 
certain embodiments, fumarates of Formula (I) may be 
administered at a dose over time from about 1 mg to about 
5g per day, from about 10 mg to about 4 g per day, and in 
certain embodiments from about 20 mg to about 2 g per day. 
An appropriate dose of a fumarate of Formula (I) may be 
determined based on several factors, including, for example, 
the body weight and/or condition of the patient being 
treated, the severity of the disease being treated, the inci 
dence and/or severity of side effects, the manner of admin 
istration, and the judgment of the prescribing physician. 
Appropriate dose ranges may be determined by methods 
known to those skilled in the art. 

0224 Fumarates of Formula (I) may be assayed in vitro 
and in vivo for the desired therapeutic or prophylactic 
activity prior to use in humans. In vivo assays, for example 
using appropriate animal models, may also be used to 
determine whether administration of a fumarate of Formula 
(I) is therapeutically effective. 
0225. In certain embodiments, a therapeutically effective 
dose of a fumarate of Formula (I) may provide therapeutic 
benefit without causing Substantial toxicity including 
adverse side effects. Toxicity of fumarates of Formula (I) 
and/or metabolites thereof may be determined using stan 
dard pharmaceutical procedures and may be ascertained by 
those skilled in the art. The dose ratio between toxic and 
therapeutic effect is the therapeutic index. A dose of a 
fumarate of Formula (I) may be within a range capable of 
establishing and maintaining a therapeutically effective cir 
culating plasma and/or blood concentration of a fumarate of 
Formula (I) that exhibits little or no toxicity. 
0226 Fumarates of Formula (I) may be used to treat 
diseases, disorders, conditions, and symptoms of any of the 
foregoing for which DMF or MHF is known to provide or 
is later found to provide therapeutic benefit. DMF or MHF 
is known to be effective in treating psoriasis, multiple 
Sclerosis, an inflammatory bowel disease, asthma, chronic 
obstructive pulmonary disease, and arthritis. Hence, fumar 
ates of Formula (I) may be used to treat any of the foregoing 
diseases and disorders. The underlying etiology of any of the 
foregoing diseases being treated may have a multiplicity of 
origins. Further, in certain embodiments, a therapeutically 
effective amount of one or more compounds of Formula (I) 
may be administered to a patient, such as a human, as a 
preventative measure against various diseases or disorders. 
Thus, a therapeutically effective amount of one or more 
compounds of Formula (I) may be administered as a pre 
Ventative measure to a patient having a predisposition for 
and/or history of immunological, autoimmune, and/or 
inflammatory diseases including psoriasis, asthma and 
chronic obstructive pulmonary diseases, cardiac insuffi 
ciency including left ventricular insufficiency, myocardial 
infarction and angina pectoris, mitochondrial and neurode 
generative diseases such as Parkinson's disease, Alzheim 
er's disease, Huntington's disease, retinopathia pigmentosa 
and mitochondrial encephalomyopathy, transplantation 
rejection, autoimmune diseases including multiple Sclerosis, 
ischemia and reperfusion injury, AGE-induced genome 
damage, inflammatory bowel diseases such as Crohn's dis 
ease and ulcerative colitis; and NF-kB mediated diseases. 
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Psoriasis 

0227 Psoriasis is characterized by hyperkeratosis and 
thickening of the epidermis as well as by increased vascu 
larity and infiltration of inflammatory cells in the dermis. 
Psoriasis Vulgaris manifests as silvery, scaly, erythematous 
plaques on typically the scalp, elbows, knees, and buttocks. 
Guttate psoriasis occurs as tear-drop size lesions. 
0228 Fumaric acid esters are recognized for the treat 
ment of psoriasis and dimethyl fumarate is approved for the 
systemic treatment of psoriasis in Germany (Mrowietz and 
Asadullah, Trends Mol Med 2005, 11(1), 43-48; and Mrowi 
etz et al., Br J Dermatology 1999, 141, 424-429). 
0229. Efficacy of fumarates for treating psoriasis can be 
determined using animal models and in clinical trials. 

Inflammatory Arthritis 
0230 Inflammatory arthritis includes diseases such as 
rheumatoid arthritis, juvenile rheumatoid arthritis (juvenile 
idiopathic arthritis), psoriatic arthritis, and ankylosing spon 
dylitis produce joint inflammation. The pathogenesis of 
immune-mediated inflammatory diseases including inflam 
matory arthritis is believed to involve TNF and NK-KB 
signaling pathways (Tracey et al., Pharmacology & Thera 
peutics 2008, 117, 244-279). DMF has been shown to inhibit 
TNF and inflammatory diseases including inflammatory 
arthritis are believed to involve TNF and NK-KB signaling 
and therefore may be useful in treating inflammatory arthri 
tis (Loweweet al., J Immunology 2002, 168, 4781-4787). 
0231. The efficacy of fumarates for treating inflammatory 

arthritis can be determined using animal models and in 
clinical trials. 

Multiple Sclerosis 
0232 Multiple sclerosis (MS) is an inflammatory auto 
immune disease of the central nervous system caused by an 
autoimmune attack against the isolating axonal myelin 
sheets of the central nervous system. Demyelination leads to 
the breakdown of conduction and to severe disease with 
destruction of local axons and irreversible neuronal cell 
death. The symptoms of MS are highly varied with each 
individual patient exhibiting a particular pattern of motor, 
sensible, and sensory disturbances. MS is typified patho 
logically by multiple inflammatory foci, plaques of demy 
elination, gliosis, and axonal pathology within the brain and 
spinal cord, all of which contribute to the clinical manifes 
tations of neurological disability (see e.g., Wingerchuk, Lab 
Invest 2001, 81, 263-281; and Virley, NeuroRX 2005, 204), 
638-649). Although the causal events that precipitate MS are 
not fully understood, evidence implicates an autoimmune 
etiology together with environmental factors, as well as 
specific genetic predispositions. Functional impairment, dis 
ability, and handicap are expressed as paralysis, sensory and 
octintive disturbances spasticity, tremor, a lack of coordina 
tion, and visual impairment, which impact on the quality of 
life of the individual. The clinical course of MS can vary 
from individual to individual, but invariably the disease can 
be categorized in three forms: relapsing-remitting, second 
ary progressive, and primary progressive. 
0233 Studies support the efficacy of FAEs for treating 
MS and are undergoing phase II clinical testing (Schimrigk 
et al., Eur J Neurology 2006, 13, 604-610; and Wakkee and 
Thio, Current Opinion Investigational Drugs 2007, 8(11), 
955-962). 
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0234 Assessment of MS treatment efficacy in clinical 
trials can be accomplished using tools such as the Expanded 
Disability Status Scale and the MS Functional as well as 
magnetic resonance imaging lesion load, biomarkers, and 
self-reported quality of life. Animal models of MS shown to 
be useful to identify and validate potential therapeutics 
include experimental autoimmunefallergic encephalomyeli 
tis (EAE) rodent models that simulate the clinical and 
pathological manifestations of MS and nonhuman primate 
EAE models. 

Inflammatory Bowel Disease (Crohn's Disease, Ulcerative 
Colitis) 
0235 Inflammatory bowel disease (IBD) is a group of 
inflammatory conditions of the large intestine and in some 
cases, the Small intestine that includes Crohn's disease and 
ulcerative colitis. Crohn's disease, which is characterized by 
areas of inflammation with areas of normal lining in 
between, can affect any part of the gastrointestinal tract from 
the mouth to the anus. The main gastrointestinal symptoms 
are abdominal pain, diarrhea, constipation, vomiting, weight 
loss, and/or weight gain. Crohn's disease can also cause skin 
rashes, arthritis, and inflammation of the eye. Ulcerative 
colitis is characterized by ulcers or open Sores in the large 
intestine or colon. The main symptom of ulcerative colitis is 
typically constant diarrhea with mixed blood of gradual 
onset. Other types of intestinal bowel disease include col 
lagenous colitis, lymphocytic colitis, ischaemic colitis, 
diversion colitis, Behcet’s colitis, and indeterminate colitis. 
0236 FAEs are inhibitors of NF-KB activation and there 
fore may be useful in treating inflammatory diseases Such as 
Crohn's disease and ulcerative colitis (Atreya et al., J Intern 
Med 2008, 263(6), 59106). 
0237. The efficacy of fumarates for treating inflammatory 
bowel disease can be evaluated using animal models and in 
clinical trials. Useful animal models of inflammatory bowel 
disease are known. 

Asthma 

0238 Asthma is reversible airway obstruction in which 
the airway occasionally constricts, becomes inflamed, and is 
lined with an excessive amount of mucus. Symptoms of 
asthma include dyspnea, wheezing, chest tightness, and 
cough. Asthma episodes may be induced by airborne aller 
gens, food allergies, medications, inhaled irritants, physical 
exercise, respiratory infection, psychological stress, hor 
monal changes, cold weather, or other factors. 
0239. As an inhibitor of NF-kB activation and as shown 
in animal studies (Joshi et al., US 2007/0027076) FAEs may 
be useful in treating pulmonary diseases Such as asthma and 
chronic obstructive pulmonary disorder. 
0240. The efficacy of fumarates of Formula (I) for treat 
ing asthma can be assessed using animal models and in 
clinical trials. 

Chronic Obstructive Pulmonary Disease 
0241 Chronic obstructive pulmonary disease (COPD), 
also known as chronic obstructive airway disease, is a group 
of diseases characterized by the pathological limitation of 
airflow in the airway that is not fully reversible, and includes 
conditions such as chronic bronchitis, emphysema, as well 
as other lung disorders such as asbestosis, pneumoconiosis, 
and pulmonary neoplasms (see, e.g., Barnes, Pharmacologi 
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cal Reviews 2004, 56(4), 515-548). The airflow limitation is 
usually progressive and associated with an abnormal inflam 
matory response of the lungs to noxious particles and gases. 
COPD is characterized by a shortness of breath the last for 
months or years, possibly accompanied by wheezing, and a 
persistent cough with sputum production. COPD is most 
often caused by tobacco Smoking, although it can also be 
caused by other airborne irritants such as coal dust, asbestos, 
urban pollution, or solvents. COPD encompasses chronic 
obstructive bronchiolitis with fibrosis and obstruction of 
Small airways, and emphysema with enlargement of air 
spaces and destruction of lung parenchyma, loss of lung 
elasticity, and closure of Small airways. 
0242. The efficacy of administering at least one com 
pound of Formula (I) for treating chronic obstructive pull 
monary disease may be assessed using animal models of 
chronic obstructive pulmonary disease and in clinical stud 
ies. For example, murine models of chronic obstructive 
pulmonary disease are known. 

Neurodegenerative Disorders 
0243 Neurodegenerative diseases such as Parkinson's 
disease, Alzheimer's disease, Huntington's disease and 
amyoptrophic lateral Sclerosis are characterized by progres 
sive dysfunction and neuronal death. NF-kB inhibition has 
been proposed as a therapeutic target for neurodegenerative 
diseases (Camandola and Mattson, Expert Opin TherTargets 
2007, 11(2), 123-32). 

Parkinson's Disease 

0244 Parkinson's disease is a slowly progressive degen 
erative disorder of the nervous system characterized by 
tremor when muscles are at rest (resting tremor), slowness 
of Voluntary movements, and increased muscle tone (rigid 
ity). In Parkinson's disease, nerve cells in the basal ganglia, 
e.g., Substantia nigra, degenerate, and thereby reduce the 
production of dopamine and the number of connections 
between nerve cells in the basal ganglia. As a result, the 
basal ganglia are unable to Smooth muscle movements and 
coordinate changes in posture as normal, leading to tremor, 
incoordination, and slowed, reduced movement (bradykine 
sia) (Blandini, et al., Mol. Neurobiol. 1996, 12, 73-94). 
0245. The efficacy of compounds of Formula (I) for 
treating Parkinson's disease may be assessed using animal 
and human models of Parkinson's disease and in clinical 
studies. 

Alzheimer's Disease 

0246 Alzheimer's disease is a progressive loss of mental 
function characterized by degeneration of brain tissue, 
including loss of nerve cells and the development of senile 
plaques and neurofibrillary tangles. In Alzheimer's disease, 
parts of the brain degenerate, destroying nerve cells and 
reducing the responsiveness of the maintaining neurons to 
neurotransmitters. Abnormalities in brain tissue consist of 
senile or neuritic plaques, e.g., clumps of dead nerve cells 
containing an abnormal, insoluble protein called amyloid, 
and neurofibrillary tangles, twisted strands of insoluble 
proteins in the nerve cell. 
0247 The efficacy of compounds of Formula (I) for 
treating Alzheimer's disease may be assessed using animal 
and human models of Alzheimer's disease and in clinical 
studies. 
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Huntington's Disease 

0248 Huntington's disease is an autosomal dominant 
neurodegenerative disorder in which specific cell death 
occurs in the neostriatum and cortex (Martin, N Engl J Med 
1999,340, 1970-80). Onset usually occurs during the fourth 
or fifth decade of life, with a mean survival at age of onset 
of 14 to 20 years. Huntington's disease is universally fatal, 
and there is no effective treatment. Symptoms include a 
characteristic movement disorder (Huntington's chorea), 
cognitive dysfunction, and psychiatric symptoms. The dis 
ease is caused by a mutation encoding an abnormal expan 
sion of CAG-encoded polyglutamine repeats in the protein, 
huntingtin. 
0249. The efficacy of compounds of Formula (I) for 
treating Huntington's disease may be assessed using animal 
and human models of Huntington's disease and in clinical 
studies. 

Amyotrophic Lateral Sclerosis 

0250 Amyotrophic lateral sclerosis (ALS) is a progres 
sive neurodegenerative disorder characterized by the pro 
gressive and specific loss of motor neurons in the brain, 
brain stem, and spinal cord (Rowland and Schneider, N Engl 
J Med 2001, 344, 1688-1700). ALS begins with weakness, 
often in the hands and less frequently in the feet that 
generally progresses up an arm or leg. Over time, weakness 
increases and spasticity develops characterized by muscle 
twitching and tightening, followed by muscle spasms and 
possibly tremors. The average age of onset is 55 years, and 
the average life expectancy after the clinical onset is 4 years. 
The only recognized treatment for ALS is riluzole, which 
can extend survival by only about three months. 
0251. The efficacy compounds of Formula (I) for treating 
ALS may be assessed using animal and human models of 
ALS and in clinical studies. 

Others 

0252. Other diseases and conditions for which com 
pounds of Formula (I) can be useful in treating include 
rheumatica, granuloma annulare, lupus, autoimmune cardi 
tis, eczema, sarcoidosis, and autoimmune diseases including 
acute disseminated encephalomyelitis. Addison's disease, 
alopecia greata, ankylosing spondylitis, antiphospholipid 
antibody syndrome, autoimmune hemolytic anemia, auto 
immune hepatitis, autoimmune inner ear disease, bullous 
pemphigoid, Behcet’s disease, celiac disease, Chagas dis 
ease, chronic obstructive pulmonary disease, Crohn's dis 
ease, dermatomyositis, diabetes mellitus type I, endometrio 
sis, Goodpasture's syndrome, Graves disease, Guillain 
Barre syndrome, Hashimoto's disease, hidradenitis 
Suppurativea, Kawasaki disease, IgA neuropathy, idiopathic 
thrombocytopenic purpura, interstitial cystitis, lupus erythe 
matosus, mixed connective tissue disease, morphea, mul 
tiple Sclerosis, myasthenia gravis, narcolepsy, neuromyoto 
nia, pemphigus Vulgaris, pernicious anaemia, psoriasis, 
pSonatic arthritis, polymyositis, primary biliary cirrhosis, 
rheumatoid arthritis, Schizophrena, Scleroderma, Sjogren's 
syndrome, stiff person syndrome, temporal arteritis, ulcer 
ative colitis, vasculitis, vitiligo, and Wegener's granuloma 
tosis. 



US 2017/0056358 A1 

Administration 

0253 Fumarate compounds of Formula (I) and pharma 
ceutical compositions thereof may be administered orally or 
by any other appropriate route, for example, by infusion or 
bolus injection, by absorption through epithelial or muco 
cutaneous linings (e.g., oral mucosa, rectal, and intestinal 
mucosa, etc.). Other Suitable routes of administration 
include, but are not limited to, intradermal, intramuscular, 
intraperitoneal, intravenous, Subcutaneous, intranasal, epi 
dural, oral, Sublingual, intracerebral, intravaginal, transder 
mal, rectal, inhalation, or topical. 
0254 Administration may be systemic or local. Various 
delivery systems are known, e.g., encapsulation in lipo 
Somes, microparticles, microcapsules, capsules, etc.) that 
may be used to administer a compound and/or pharmaceu 
tical composition. 
0255. The amount of a fumarate of Formula (I) that will 
be effective in the treatment of a disease in a patient will 
depend, in part, on the nature of the condition and can be 
determined by Standard clinical techniques known in the art. 
In addition, in vitro or in Vivo assays may be employed to 
help identify optimal dosage ranges. A therapeutically effec 
tive amount of a fumarate of Formula (I) to be administered 
may also depend on, among other factors, the Subject being 
treated, the weight of the subject, the severity of the disease, 
the manner of administration, and the judgment of the 
prescribing physician. 
0256 For systemic administration, a therapeutically 
effective dose may be estimated initially from in vitro 
assays. For example, a dose may be formulated in animal 
models to achieve a beneficial circulating composition con 
centration range. Initial doses may also be estimated from in 
Vivo data, e.g., animal models, using techniques that are 
known in the art. Such information may be used to more 
accurately determine useful doses in humans. One having 
ordinary skill in the art may optimize administration to 
humans based on animal data. 
0257. A dose may be administered in a single dosage 
form or in multiple dosage forms. When multiple dosage 
forms are used the amount of compound contained within 
each dosage form may be the same or different. The amount 
of a fumarate of Formula (I) contained in a dose may depend 
on the route of administration and whether the disease in a 
patient is effectively treated by acute, chronic, or a combi 
nation of acute and chronic administration. 
0258. In certain embodiments an administered dose is 
less than a toxic dose. Toxicity of the compositions 
described herein may be determined by standard pharma 
ceutical procedures in cell cultures or experimental animals, 
e.g., by determining the LD50 (the dose lethal to 50% of the 
population) or the LD100 (the dose lethal to 100% of the 
population). The dose ratio between toxic and therapeutic 
effect is the therapeutic index. In certain embodiments, a 
fumarate may exhibit a high therapeutic index. The data 
obtained from these cell culture assays and animal studies 
may be used in formulating a dosage range that is not toxic 
for use in humans. A dose of a fumarate provided by the 
present disclosure may be within a range of circulating 
concentrations in for example the blood, plasma, or central 
nervous system, that include the effective dose and that 
exhibits little or no toxicity. A dose may vary within this 
range depending upon the dosage form employed and the 
route of administration utilized. In certain embodiments, an 
escalating dose may be administered. 
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Combination Therapy 
(0259 Methods provided by the present disclosure further 
comprise administering one or more pharmaceutically active 
compounds in addition to a fumarate of Formula (I). Such 
compounds may be provided to treat the same disease or a 
different disease than the disease being treated with the 
fumarate of Formula (I). 
0260. In certain embodiments, a fumarate of Formula (I) 
may be used in combination with at least one other thera 
peutic agent. In certain embodiments, a fumarate of Formula 
(I) may be administered to a patient together with another 
compound for treating diseases and conditions involving 
immunological, autoimmune, and/or inflammatory pro 
cesses including: psoriasis; asthma, chronic obstructive pull 
monary diseases, and arthritis; cardiac insufficiency includ 
ing left ventricular insufficiency, myocardial infarction and 
angina pectoris; mitochondrial and neurodegenerative dis 
eases Such as Parkinson's disease, Alzheimer's disease, 
Huntington's disease, retinopathia pigmentosa and mito 
chondrial encephalomyopathy; transplantation rejection; 
autoimmune diseases including multiple Sclerosis (MS): 
ischemia and reperfusion injury (AGE-induced genome 
damage; and others. In certain embodiments, a fumarate of 
Formula (I) may be administered to a patient together with 
another compound for treating psoriasis, multiple Sclerosis, 
an inflammatory bowel disease, asthma, chronic obstructive 
pulmonary disease, and arthritis. 
0261) A fumarate of Formula (I) and the at least one other 
therapeutic agent may act additively or, and in certain 
embodiments, synergistically. The at least one additional 
therapeutic agent may be included in the same dosage form 
as a fumarate of Formula (I) or may be provided in a separate 
dosage form. Methods provided by the present disclosure 
can further include, in addition to administering a fumarate 
of Formula (I), administering one or more therapeutic agents 
effective for treating the same or different disease than the 
disease being treated by a fumarate of Formula (I). Methods 
provided by the present disclosure include administration of 
a fumarate of Formula (I) and one or more other therapeutic 
agents provided that the combined administration does not 
inhibit the therapeutic efficacy of the fumarate of Formula (I) 
and/or does not typically produce significant and/or substan 
tial adverse combination effects. 
0262. In certain embodiments, dosage forms comprising 
a fumarate of Formula (I) may be administered concurrently 
with the administration of another therapeutic agent, which 
may be part of the same dosage form as, or in a different 
dosage form than that comprising a fumarate of Formula (I). 
A fumarate of Formula (I) may be administered prior or 
Subsequent to administration of another therapeutic agent. In 
certain embodiments of combination therapy, the combina 
tion therapy may comprise alternating between administer 
ing a fumarate of Formula (I) and a composition comprising 
another therapeutic agent, e.g., to minimize adverse drug 
effects associated with a particular drug. When a fumarate of 
Formula (I) is administered concurrently with another thera 
peutic agent that potentially may produce an adverse drug 
effect including, but not limited to, toxicity, the other thera 
peutic agent may advantageously be administered at a dose 
that falls below the threshold at which the adverse drug 
reaction is elicited. 
0263. In certain embodiments, dosage forms comprising 
a fumarate of Formula (I) may be administered with one or 
more substances to enhance, modulate and/or control 
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release, bioavailability, therapeutic efficacy, therapeutic 
potency, stability, and the like of a fumarate of Formula (I). 
For example, to enhance the therapeutic efficacy of a fumar 
ate ligand of Formula (I), the fumarate of Formula (I) may 
be co-administered with or a dosage form comprising a 
fumarate of Formula (I) may comprise one or more active 
agents to increase the absorption or diffusion of a fumarate 
of Formula (I) from the gastrointestinal tract to the systemic 
circulation, or to inhibit degradation of the fumarate of 
Formula (I) in the blood of a patient. In certain embodi 
ments, a fumarate of Formula (I) may be co-administered 
with an active agent having pharmacological effects that 
enhance the therapeutic efficacy of a fumarate of Formula 
(I). 
0264. In certain embodiments, a fumarate of Formula (I) 
or a pharmaceutical composition thereof may be adminis 
tered to a patient for treating psoriasis in combination with 
a therapy or another therapeutic agent known or believed to 
be effective in treating psoriasis. Drugs useful for treating 
psoriasis include Steroids Such as flurandrenolide, fluocino 
nide, alclometasone, amcinonide, desonide, halcinonide, tri 
amcinolone, clobetasol, clocortolone, mometaSone, desoxi 
metaSone, and halobetasol; anti-rheumatics such as 
etanercept, infiximab, and adalimumab; immunosuppressive 
agents such as cyclosporine, alefacept, and efalizumab; 
psoralens such as methoXSalen; and other Such as calcipot 
riene, methotrexate, hydrocortisone/pramoxine, acitretin, 
betamethasone/calcipotriene, taZaraotene, benzocaine/pyril 
amine/zinc oxide, and ustekinumab. 
0265. In certain embodiments, a fumarate of Formula (I) 
or a pharmaceutical composition thereof may be adminis 
tered to a patient for treating inflammatory arthritis Such as 
rheumatoid arthritis, juvenile rheumatoid arthritis, psoriatic 
arthritis, and ankylosing spondylitis in combination with a 
therapy or another therapeutic agent known or believed to be 
effective in treating inflammatory arthritis Such as rheuma 
toid arthritis, juvenile rheumatoid arthritis, psoriatic arthri 
tis, and ankylosing spondylitis. 
0266 Drugs useful for treating rheumatoid arthritis 
include non-steroidal anti-inflammatory agents such as ibu 
profen, ketoprofen, salicylate, diclofenac, nabumetone, 
naproxen, meloxicam, Sulindac, flurbiprofen, indomethacin, 
tolimetin, piroxicam, fenoprofen, oxaprozin, and etodolac, 
antiheumatics such as entanercept, adalimumab, infliximab, 
hydroxychloroquine, leflunomide, azathioprine, penicil 
lamine, methotrexate, anakinra, auranofin, rituximab, auro 
thioglucose, tocilizumab, and golimumab; cox-2inhibtors 
Such as celecoxib and Vadecoxib; corticosteroids such as 
triamcinolone; glucocorticoids such as methylprednisolone 
and prednisone; and others such as Sulfasalazine. 
0267 Drugs useful for treating juvenile rheumatoid 

arthritis include adalimumab, abatacept, and infliximab. 
0268 Drugs useful for treating psoriatic arthritis include 
etanercept, adalimumab, triamcinolone, cortisone, inflix 
imab, and golimumab. 
0269 Drugs useful for treating ankylosing spondylitis 
include adalimumab, celecoxib, diclofenac, etanercept, goli 
mumab, indomethacin infliximab, naptoxen, olsalazine, 
salicylates, Sulfindac, and triamcinolone. 
0270. In certain embodiments, a fumarate of Formula (I) 
or a pharmaceutical composition thereof may be adminis 
tered to a patient for treating psoriatic arthritis in combina 
tion with a therapy or another therapeutic agent known or 
believed to be effective in treating psioriatic arthritis. Drugs 
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useful for treating psioriatic arthritis include etanercept, 
adalimumab, triamcinolone, cortisone, infliximab, and goli 
mumab. 

0271 In certain embodiments, a fumarate of Formula (I) 
or a pharmaceutical composition thereof may be adminis 
tered to a patient for treating autoimmune diseases such as 
lupus in combination with a therapy or another therapeutic 
agent known or believed to be effective in treating autoim 
mune diseases such as lupus. Drugs useful for treating lupus 
include hydroxychlooquine, triamcinolone, Salicylate, aza 
thioprine, and abetimus. 
0272. In certain embodiments, a fumarate of Formula (I) 
or a pharmaceutical composition thereof may be adminis 
tered to a patient for treating multiple Sclerosis in combi 
nation with a therapy or another therapeutic agent known or 
believed to be effective in treating multiple sclerosis. Drugs 
useful for treating multiple sclerosis include interferon B-1a, 
interferon 3-1b, glatiramer, modafinil, azathioprine, predi 
Solone, mycophenolate mofetil, mitoxantrone, and natali 
Zumab. Other examples of drugs useful for treating MS 
include Examples of drugs useful for treating MS include 
corticosteroids such as methylprednisolone; IFN-B such as 
IFN-O1a and IFN-B1b; glatiramer acetate; monoclonal anti 
bodies that bind to the very late antigen-4 (VLA-4) integrin 
Such as natalizumab; immunomodulatory agents such as 
FTY720 sphinogosie-1 phosphate modulator and COX-2 
inhibitors such as BW755c, piroxicam, and phenidone; and 
neuroprotective treatments including inhibitors of glutamate 
excitotoxicity and iNOS, free-radical scavengers, and cat 
ionic channel blockers; memantine; AMPA antagonists Such 
as topiramate; and glycine-site NMDA antagonists. 
0273. In certain embodiments, a fumarate of Formula (I) 
or a pharmaceutical composition thereof may be adminis 
tered to a patient for treating inflammatory bowel disease in 
combination with a therapy or another therapeutic agent 
known or believed to be effective in treating inflammatory 
bowel disease. Drugs useful for treating inflammatory bowel 
disease include cromolyn and mercaptopurine; and more 
particularly for treating Crohn's disease include certoli 
Zumab, budesonide, azathioprine, Sulfasalazine, metronida 
Zole, adalimumab, mercaptopurine, infliximab, mesalamine, 
and natalizumab; and for treating ulcerative colitis include 
balsalazide, infliximab, azathioprine, mesalamine, and 
cyclosporine. 
0274. In certain embodiments, fumarates provided by the 
present disclosure and pharmaceutical compositions thereof 
may be administered to a patient for treating asthma in 
combination with a therapy or another therapeutic agent 
known or believed to be effective in treating asthma, or in 
certain embodiments, a disease, disorder, or condition asso 
ciated with asthma. Examples of drugs useful in treating 
asthma include albuterol, aminophylline, beclomethasone, 
bitolterol, budesonide, cromolyn, ephedrine, epinephrine, 
flunisolide, fluticaSone, formoterol, hydrocortisone, isopro 
terenol, levalbuterol, methylprednisolone, prednisolone, 
prednisone, pirbuterol, metaproterenol, racepinephrine, 
omalizumab, oxytriphylline, mometusone, montelukast, 
nedocromil, oxtriphylline, pirbuterol, salmeterol, terbuta 
line, theophylline, triamcinolone, Zafirlukast, and Zileuton. 
0275. In certain embodiments, fumarates provided by the 
present disclosure and pharmaceutical compositions thereof 
may be administered to a patient for treating chronic 
obstructive pulmonary disease in combination with a 
therapy or another therapeutic agent known or believed to be 



US 2017/0056358 A1 

effective in treating chronic obstructive pulmonary disease, 
or in certain embodiments, a disease, disorder, or condition 
associated with chronic obstructive pulmonary disease. 
Examples of drugs useful for treating chronic obstructive 
pulmonary disease include albuterol, arformoterol, azithro 
mycin, bitolterol, epinephrine, fluticasone, formoterol, ipra 
tropium, isoproterenol, levabuterol, metaproterenol, pir 
buterol, racepinephrine, Salmeterol, and tiotropium. Useful 
drugs for treating chronic obstructive pulmonary disease 
further include bronchodialators such as B2 agonists such as 
salbutamol, bambuterol, clenbuterol, fenoterol, and for 
moterol; M3 antimuscarinics Such as ipratropium; leukot 
riene antagonists such as montelukast, pranlukast, and Zaf 
irlukast, cromones Such as cromoglicate and nedocromil: 
Xanthines such as theophylline; corticosteroids Such as 
beclomethasone, mometasone, and fluticasone; and TNF 
antagonists Such as infliximab, adalimumab, and etanercept. 
Other treatments for chronic obstructive pulmonary disease 
include oxygen therapy, and pulmonary rehabilitation. 
0276. In certain embodiments, prodrugs provided by the 
present disclosure and pharmaceutical compositions thereof 
may be administered to a patient for treating angiogenesis in 
combination with a therapy or another therapeutic agent 
known or believed to be effective in treating angiogenesis. 
Useful drugs for treating angiogenesis include angiostatin, 
endostatin, vitaxin, bevacizumab, thalidomide, batimastat, 
marimastat, carboxyamidotraizole, TNP-470, CM101, IFN 
C., IL-12, platelet factor-4, Suramin, SU5416, thrombospon 
din, VEGFR, angiostatic steroids, cartilage-derived angio 
genesis inhibitory factor, matrix metalloproteinase 
inhibitors, 2-methoxyestradiol, tecogalan, thrombospondin, 
prolactin, Ov3 inhibitors, and linomide. 
0277. In certain embodiments, prodrugs provided by the 
present disclosure and pharmaceutical compositions thereof 
may be administered to a patient for treating transplant 
rejection in combination with a therapy or another thera 
peutic agent known or believed to be effective in treating 
transplant rejection. Useful drugs for treating transplant 
rejection include calcineurin inhibitors such as cyclosporine 
and tacrolimus, mTOR inhibitors such as sirolimus and 
everolimus, anti-proliferatives such as azathioprine and 
mycophenolic acid; corticosteroids such as monoclonal anti 
IL2RC. receptor antibodies including basiliximab and dacli 
Zumab, and polyclonal anti-T-cell antibodies including anti 
thymocyte globulin and anti-lymphocyte globulin. 
0278. In certain embodiments, prodrugs provided by the 
present disclosure and pharmaceutical compositions thereof 
may be administered to a patient for treating transplantation 
rejection in combination with a therapy or another thera 
peutic agent known or believed to be effective in treating 
transplantation rejection. Examples of drugs useful in trans 
plantation rejection include corticosteroids such as dexam 
ethasone, prednisolone, and prednisone; globulins such as 
antilymphocyte globulin and antithymocyte globulin; 
macrollide immunosuppressants such as Sirolimus, tacroli 
mus, and everolimus; mitotic inhibitors such as azathiprine, 
cylophosphamide, and methotrexate; monoclonal antibodies 
Such as basiliximab, daclizumab, infliximab, muromonoab; 
fungal metabolites such as cyclosporine; and others such as 
glatiramer and mycophenolate. 
0279. In certain embodiments, prodrugs provided by the 
present disclosure and pharmaceutical compositions thereof 
may be administered to a patient for treating cardiac insuf 
ficiency in combination with a therapy or another therapeu 
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tic agent known or believed to be effective in treating cardiac 
insufficiency. Useful drugs for treating cardiac insufficiency 
include antitensin-modulating agents, diuretics Such as furo 
semide, bumetanie, hydrochlorothiazide, chlorthalidone, 
chlorthiazide, spironolactone, eplerenone: beta blockers 
Such as bisoprolol, carvedilol, and metroprolol; positive 
inotropes such as digoxin, milrinone, and dobutamine; alter 
native vasodilators such as isosorbide dinitrate/hydralazine; 
aldosterone receptor antagonists; recombinant neuroendo 
crine hormones Such as nesiritide; and vasopressin receptor 
antagonists Such as tolvaptain and conivaptan. 
0280. In certain embodiments, prodrugs provided by the 
present disclosure and pharmaceutical compositions thereof 
may be administered to a patient for treating a mitochondrial 
disease such as a neurodegenerative disorder in combination 
with a therapy or another therapeutic agent known or 
believed to be effective in treating a mitochondrial disease 
Such as a neurodegenerative disorder. In certain embodi 
ments, a neurodegenerative disorder is chosen from 
Alzheimer's disease, Parkinson's disease, Huntington's dis 
ease, and amyotrophic lateral sclerosis. 
0281. Therapeutic agents useful for treating Parkinson's 
disease include dopamine precursors such levodopa, dop 
amine agonists Such as bromocriptine, pergolide, pramipex 
ole, and ropinirole, MAO-B inhibitors such as selegiline, 
anticholinergic drugs such as benztropine, trihexyphenidyl, 
tricyclic antidepressants such as amitriptyline, amoxapine, 
clomipramine, desipramine, doxepin, imipramine, maproti 
line, nortriptyline, protriptyline, amantadine, and trimip 
ramine, some antihistamines such as diphenhydramine; anti 
viral drugs such as amantadine; and beta blockers such as 
propranolol. 
0282 Useful drugs for treating Alzheimer's disease 
include rosiglitaZone, roloxifene, Vitamin E, donepezil, 
tacrine, rivastigmine, galantamine, and memantine. 
0283 Useful drugs for treating symptoms of Hunting 
ton's disease include antipsychotics such as haloperidol. 
chiorpromazine and olanzapine to control hallucinations, 
delusions and violent outbursts; antidepressants such as 
fluoxetine, Sertraline, and nortryiptyline to control depres 
sion and obsessive-compulsive behavior; tranquilizers such 
as benzodiazepines, paroxetine, Venflaxin and beta-blockers 
to control anxiety and chorea; mood stabilizers such as 
lithium, valproate, and carbamzepine to control mania and 
bipolar disorder; and botulinum toxin to control dystonia 
and jaw clenching. Useful drugs for treating symptoms of 
Huntington's disease further include selective serotonin 
reuptake inhibitors (SSRI) such as fluoxetine, paroxetine, 
Sertraline, escitalopram, citalopram, fluvosamine; norepi 
nephrine and serotoiun reuptake inhibitors (NSRI) such as 
Venlafaxine and dulloxetine, benzodiazepines such as clon 
azepam, alprazolam, diazepam, and lorazepam, tricyclic 
antidepressants such as amitriptyline, nortnriptyline, and 
imipramine; and atypical antidepressants such as busipirone, 
bupriopion, and mirtazepine for treating the symptoms of 
anxiety and depression; atomoxetine, dextroamphetamine, 
and modafinil for treating apathy symptoms; amantadine, 
memantine, and tetrabenazine for treating chorea symptoms; 
citalopram, atomoxetine, memantine, rivastigmine, and 
donepezil for treating cognitive symptoms; lorazepam and 
traZedone for treating insomma; valproate, carbamazepine 
and lamotrigine for treating symptoms of irritability; SSRI 
antidepressants such as fluoxetine, paroxetine, Sertaline, and 
fluvoxamine, NSRI antidepressants such as venlafaxine, and 
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others such as mirtazepine, clomipramine, lomotrigine, 
gabapentin, valproate, carbamazepine, olanzapine, rispiri 
done, and quetiapine for treating symptoms of obsessive 
compulsive disorder, haloperidol, quetiapine, clozapine, ris 
peridone, olanzapine, Ziprasidone, and aripiprazole for 
treating psychosis; and pramipexole, levodopa and amanta 
dine for treating rigidity. 
0284. Useful drugs for treating ALS include riluzole. 
Other drugs of potential use in treating ALS include meman 
tine, tamoxifen, thalidomide, ceftriaxone, Sodium phenyl 
butyrate, celecoxib, glatiramer acetate, busipirone, creatine, 
minocycline, coenzyme Q10, Oxandrolone, IGF-1, topira 
mate, Xaliproden, and indinavir. Drugs such as baclofen and 
diazepam can be useful in treating spasticity associated with 
ALS. 
0285. In certain embodiments, a fumarate of Formula (I) 
or a pharmaceutical composition thereof may be adminis 
tered to a patient in combination with a therapy or another 
therapeutic agent known or believed to be effective in 
inhibiting TNF function. 
0286 Examples of drugs known to inhibit TNF function 
include infliximab, adalimumab, etanercept, certolizumab, 
goliimumab, pentoxifylline, quanylhydroZone, thalidomide, 
flavonoids such as narigenin, resveratol and quecetin, alka 
loids such as lycorine, terpenes Such as acantholic acid, fatty 
acids such as 13-HOA, and retinoids such as retinoic acid. 

EXAMPLES 

(0287. The following examples describe in detail the 
synthesis of fumarates of Formula (I), properties of fumar 
ates of Formula (I), and uses of fumarates of Formula (I). It 
will be apparent to those skilled in the art that many 
modifications, both to materials and methods, may be prac 
ticed without departing from the scope of the disclosure. 

General Experimental Protocols 
0288 All reagents and solvents that can be purchased 
from commercial suppliers may be used without further 
purification or manipulation. Non-commercially available 
reagents may be synthesized from commercially available 
starting materials, and by adapting methods well known in 
the art. 
0289 Analytical LC/MS was performed on an Agilent 
1100 equipped with AB Sciex API 2000 or a Waters 2790 
equipped with a Waters Micromass QZ mass spectrometer 
and a Phenomenex Luna C-18 analytical column. Prepara 
tive HPLC purification was performed on a Agilent 1100. 
Both analytical and preparative HPLC used acetonitrile/ 
water gradients containing 0.05% formic acid. Normal 
phase silica gel purification was performed on a ISCO 
CombiFlash Companion purification system using either a 
mixture of methanol and dichloromethane or ethyl acetate 
and hexanes. Chemical names were generated with Accelrys 
Draw 4.1 SP1, version MDL.Draw. Editor 4.1. 100.70 (Ac 
celrys, Inc., San Diego, Calif.). 

General Synthetic Procedures 
0290 General Procedure A: Amide or Ester formation 
0291 Aprimary or secondary hydroxyl-containing com 
pound (2.0 to 5.0 equivalents) is combined with fumaric acid 
(FA) or carboxylic acid-containing compound (0.8 to 1.2 
equivalents) in 1-10 mL/1.0 mmol of an inert solvent such 
as dichloromethane (DCM), ethyl acetate (EtOAc), N-meth 
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ylpyrrollidone (NMP), N,N-dimethylformamide (DMF), 
N,N-dimethylacetamide (DMA, DMAc), acetonitrile 
(MeCN), dimethylsulfoxide (DMSO), tetrahydrofuran 
(THF), toluene, or mixtures thereof. To the solution, an 
appropriate organic secondary or tertiary base (2.0 to 5.0 
equivalents) such as dicyclohexylamine (DCHA), triethyl 
amine (TEA), or diisopropylethylamine (DIEA), a catalyst 
(0.0 to 2.0 equivalents) such as N,N-dimethylpyridin-4- 
amine (DMAP), and a coupling agent (2.0 to 5.0 equiva 
lents) such as N-(3-dimethylaminopropyl)-N'-ethylcarbodi 
imide hydrochloride (EDAC), N.N.N',N'-tetramethyl-O- 
(1H-benzotriazol-1-yl)uronium hexafluorophosphate 
(HBTU), 1-bis(dimethylamino) methylene)-1H-1,2,3-tri 
azolo 4,5-b]pyridinium 3-oxid hexafluorophosphate 
(HATU), benzotriazol-1-yl-oxytripyrrolidinophosphonium 
hexafluorophosphate (ByBOP), or N,N'-dicyclohexylcarbo 
diimide (DCC), are added. The reaction mixture is stirred 
from about 1 to about 24 h at a temperature between 0° C. 
to 40°C. The mixture is then diluted with an appropriate 
organic solvent such as methyl tert-butyl ether (MTBE). 
diethyl ether (EtO), ethylacetate (EtOAc), dichloromethane 
(DCM), or mixtures thereof, washed with water and brine, 
and dried over anhydrous magnesium sulfate (MgSO4). 
After filtration, the organic solvents are removed under 
reduced pressure using a rotary evaporator. If required, the 
crude reaction products are further purified by well known 
purification techniques such as silica gel flash column chro 
matography, mass-guided reversed-phase preparative 
HPLC/lyophilization, precipitation, or crystallization. 
0292 Alternatively, fumaric acid (FA) or a carboxylic 
acid-containing compound (0.8 to 1.2 equivalents) is added 
to a mixture of a halide-containing compound (2.0 to 5.0 
equivalents) such as 3-bromo-N,N-dimethyl-2-oxo-pro 
panamide and an inorganic base (2.0 to 5.0 equivalents) Such 
as an alkali carbonate, i.e., cesium bicarbonate (CSHCO), 
cesium carbonate (CsCO), cesium hydroxide (CsCH), or 
potassium carbonate (KCO) in an inert Solvent such as 
N-methylpyrrolidone (NMP), N,N-dimethylformamide 
(DMF), N,N-dimethylacetamide (DMA, DMAc), acetoni 
trile (MeCN), dimethylsulfoxide (DMSO), tetrahydrofuran 
(THF), toluene, or mixtures thereof. Alternatively, organic 
secondary and tertiary bases Such as dicyclohexyl amine 
(DCHA), triethylamine (TEA), diisopropylethylamine 
(DIEA), amidine or guanidine-based bases such as 1.5- 
diazabicyclo4.3.0non-5-ene (DBN), 1,8-diazabicyclo[5.4. 
Oundec-7-ene (DBU), or 1,1,3,3-tetramethylguanidine 
(TMG); silver salts such silver(I) oxide (AgO) or silver(I) 
carbonate (AgCO); or other halide scavengers known in 
the art can be employed. The reaction mixture is stirred from 
about 1 to about 24 h at a temperature between 20° C. to 
100° C. The mixture is then diluted with an appropriate 
organic solvent such as methyl tert-butyl ether (MTBE). 
diethyl ether (EtO), ethylacetate (EtOAc), dichloromethane 
(DCM), or mixtures thereof, washed with water and brine, 
and dried over anhydrous magnesium sulfate (MgSO). 
After filtration, the organic solvents are removed under 
reduced pressure using a rotary evaporator. If required, the 
crude reaction products are further purified by well known 
purification techniques such as silica gel flash column chro 
matography, mass-guided reversed-phase preparative 
HPLC/lyophilization, precipitation, or crystallization. 
General Procedure B: Deprotection 
0293. A heterocyclic acetal-containing or ketal-contain 
ing compound is treated with an excess of a Bronsted acid 
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such as sulfuric acid (H2SO), acetic acid (AcOH), tosylic 
acid (TSOH) in water, acetone, acetonitrile, or mixtures 
thereof, from about 1 to about 24 h at an appropriate 
temperature such as from about 0°C. to about 80° C. 
0294 tert-Butyl protected fumaric acid derivative or boc 
protected compound is treated with an excess of a strong 
Bronsted acid such as trifluoroacetic acid (TFA) or hydrogen 
chloride (HC1) in an inert solvent such as dichloromethane 
(DCM), diethyl ether (EtO), 1,4-dioxane, or mixtures of 
any of the foregoing, from about 1 to about 24 h at an 
appropriate temperature such as from about 0° C. to about 
40° C. 
0295. When the protecting group is a benzyl group, 
deprotection may be carried out by reacting the benzyl 
protected fumaric acid derivative or benzyl protected com 
pound with gaseous hydrogen (H) in the presence of a 
heterogenous catalyst, i.e., 5-10 wt-% palladium on (acti 
vated or wet) coal, in a solvent such as methanol (MeOH), 
ethanol (EtOH), ethyl acetate (EtOAc), or mixtures of any of 
the foregoing, optionally in the presence of a small amount 
of an activator such as 1 Naq. hydrochloric acid from about 
1 to about 24 h at an appropriate temperature Such as from 
about 0° C. to about 40° C. and under a hydrogen atmo 
sphere at a pressure of about 15 psi to about 60 psi. 
General Procedure C. Oxidation 

0296. A secondary hydroxyl-containing compound (1.0 
equivalent) is combined with an oxidizer (1.0 to 3.0 equiva 
lents) such as pyridinium chlorochromate (PCC), Dess 
Martin periodinane reagent, Jones reagent (chromium triox 
ide in dilute sulfuric acid), or under Pfitzner-Moffatt or 
Swern oxidation condition in 1-10 mL/1.0 mmol of an 
appropriate solvent Such as acetone, dichloromethane 
(DCM), ethyl acetate (EtOAc), N-methylpyrrolidone 
(NMP), N,N-dimethylformamide (DMF), N,N-dimethylac 
etamide (DMA, DMAc), acetonitrile (MeCN), dimethylsul 
foxide (DMSO), tetrahydrofuran (THF), toluene, or mix 
tures thereof. The reaction mixture is stirred from about 1 to 
about 24 h at a temperature between -20°C. to 40°C. The 
mixture is then quenched with an appropriate reagent Such 
as isopropanol, diluted with an appropriate organic solvent 
such as methyl tert-butyl ether (MTBE), diethyl ether 
(EtO), ethyl acetate (EtOAc), dichloromethane (DCM), or 
mixtures thereof, washed with water and brine, and dried 
over anhydrous magnesium sulfate (MgSO4). After filtra 
tion, the organic solvents are removed under reduced pres 
Sure using a rotary evaporator. If required, the crude reaction 
products are further purified by well known purification 
techniques such as silica gel flash column chromatography, 
mass-guided reversed-phase preparative HPLC/lyophiliza 
tion, precipitation, or crystallization. 

Example 1 
Bis3-(dimethylamino)-2,3-dioxo-propyl (E)-but-2- 

enedioate (1) 
0297 

O O O 

N O 1. - -N--- 
O O O 
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0298 Dimethylamine (1.2 eq) was added to a mixture of 
2,2-dimethyl-1,3-dioxolane-4-carboxylic acid (5.0 g, 1.0 
eq), EDAC (or HBTU or PyBOP) (2.0 eq), TEA (3.0 eq), 
and DMAP (ca. 1.0 eq) in DCM (100 mL). The mixture was 
stirred at 0° C. for 1 hand then at 20° C. overnight. The 
mixture was concentrated in vacuo to a residue, diluted with 
EtOAc, washed with aq. NaHCO and brine, concentrated to 
a residue, and purified by silica gel column chromatography 
using a mixture of EtOAc and hexanes to yield compound 
(1a). 
0299. A solution of compound (1a) (2.0 g) in 70% 
aqueous acetic acid (50 mL) was refluxed for 1 h, concen 
trated to a residue, and then purified by reverse-phase (C-18) 
liquid chromatography using water and acetonitrile as elu 
ents to yield compound (1b). 
0300 Alternatively, a solution of compound (1a) (2.0 g) 
in a mixture of water and acetonitrile (25 mL) and concen 
trated HSO (1 to 5 mL) was stirred at 20° C. overnight, 
concentrated to a residue, and then purified by reverse-phase 
(C-18) liquid chromatography using water and acetonitrile 
as eluents to yield compound (1b). 
0301 Fumaric acid (FA) (0.50 g, 1.0 eq) was added to a 
mixture of compound (1b) (4.0 eq), EDAC (or HBTU or 
PyBOP) (5.0 eq), TEA (5.0 eq), and DMAP (ca. 1.0 eq) in 
DCM (20 mL). The mixture was stirred at 0°C. for 1 h and 
then at 20° C. overnight. The reaction was concentrated in 
vacuo to a residue and then purified by reverse-phase (C-18) 
liquid chromatography using water and acetonitrile as elu 
ents to yield compound (1c). 
(0302 Pyridinium chlorochromate (PCC) (3.0 eq) was 
added to a solution of compound (1c) (0.20 g, 1.0 eq) in 
DCM (20 ml). The mixture was stirred at 20° C. for 2 h. The 
reaction was quenched, filtered, concentrated in vacuo to a 
residue and then purified by reverse-phase (C-18) liquid 
chromatography using water and acetonitrile as eluents to 
yield compound (1). MS (ESI): m/z 343.1 (M+H)+. 

Example 2 
Bis3-(diethylamino)-2,3-dioxo-propyl (E)-but-2- 

enedioate (2) 
O303 

N O O O 
N O N1 - ~~~ 

O O O N 

0304 Compound (2) was prepared according to the 
method described in Example 1 and substituting dimethyl 
amine with diethylamine. MS (ESI): m/z 399.2 (M+H)+. 

Example 3 
Bis(3-morpholino-2,3-dioxo-propyl) (E)-but-2-en 

edioate (3) 
0305 

r O O O 

--~~ro 
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0306 Compound (3) was prepared according to the 
method described in Example 1 and substituting dimethyl 
amine with morpholine. MS (ESI): m/z 427.1 (M+H)+. 

Example 4 

Stability of Fumarate Compounds in PBS Buffer 
0307. A mixture of a test compound (0.5 to 1.0 mg) in 
DMSO or DMF (0 to 1.0 mL) and Phosphate buffered saline 
(PBS) (0.5 to 1.0 mL, 50 mM, pH 7.0 to 7.4) was incubated 
between 20 to 37°C. for 30 min. The mixture was analyzed 
by an Agilent 1100 HPLC. 
0308 Compounds (1), (2), and (3) were determined to 
bec 90% stable. 

Example 5 

Hydrolysis of Fumarate Compounds. In Vitro 
0309. A mixture of a test compound (0.5 to 5.0 mg) in 
DMSO or DMF (0 to 5.0 mL) and porcine liver esterase (1.0 
to 5.0 mg, 15 to 20 units/mg, Sigma Aldrich) in PBS buffer 
(0.5 to 10.0 mL, pH 7.0 to 8.0) was incubated between 20 
to 37° C. for ca. 24 h. The mixture was diluted with 
methanol or acetonitrile (0.5 to 10.0 mL), filtered, and 
analyzed by an Agilent 1100 HPLC. 
0310 Compounds (1), (2), and (3) were converted to 
monoester fumarates and/or fumaric acid at 15%. 

Description 1 

Use of an Animal Model to Assess Efficacy in 
Treating Psoriasis 

0311. The severe, combined immunodeficient (SCID) 
mouse model can be used to evaluate the efficacy of com 
pounds for treating psoriasis in humans (Boehncke, Ernst 
Schering Res Found Workshop 2005, 50, 213-34; and 
Bhagavathula et al., J Pharmacol Expt 1 Therapeutics 2008, 
324(3), 938-947). 
0312 SCID mice are used as tissue recipients. One 
biopsy for each normal or psoriatic Volunteer is transplanted 
onto the dorsal Surface of a recipient mouse. Treatment is 
initiated 1 to 2 weeks after transplantation. Animals with the 
human skin transplants are divided into treatment groups. 
Animals are treated twice daily for 14 days. At the end of 
treatment, animals are photographed and then euthanized. 
The transplanted human tissue along with the Surrounding 
mouse skin is surgically removed and fixed in 10% formalin 
and samples obtained for microscopy. Epidermal thickness 
is measured. Tissue sections are stained with an antibody to 
the proliferation-associated antigen Ki-67 and with an anti 
human CD3+ monoclonal antibody to detect human T 
lymphocytes in the transplanted tissue. Sections are also 
probed with antibodies to c-myc and B-catenin. A positive 
response to treatment is reflected by a reduction in the 
average epiderma thickness of the psoriatic skin transplants. 
A positive response is also associated with reduced expres 
sion of Ki-67 in keratinocytes. 

Description 2 

Animal Model for Assessing Therapeutic Efficacy 
of Fumarates for Treating Multiple Sclerosis 

0313 Experiments are conducted on female mice aged 
4-6 weeks belong to the C57BL/6 strain weighing 17-20 g. 
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Experimental autoimmune encephalomyelitis (EAE) is 
actively induced using a 95% pure synthetic myelin oligo 
dendrocyte glycoprotein peptide 35-55 (MOG35-55, 
MEVGWYRSPFSRVVHLYRNGK). Each mouse is anes 
thetized and receives 200 ug of MOG peptide and 15 lug of 
Saponin extract from Quilija bark emulsified in 100 u, of 
phosphate-buffered saline. A 25 uL, Volume is injected 
Subcutaneously over four flank areas. Mice are also intrap 
eritoneally injected with 200 ng of pertussis toxin in 200 uL 
of PBS. A second, identical injection of pertussis toxin is 
given after 48 h. 
0314. A fumarate is administered at varying doses. Con 
trol animals receive 25 uL., of DMSO. Daily treatment 
extends from day 26 to day 36 post-immunization. Clinical 
scores are obtained daily from day 0 post-immunization 
until day 60. Clinical signs are scored using the following 
protocol: 0, no detectable signs; 0.5, distal tail limpness, 
hunched appearance and quiet demeanor; 1, completely limp 
tail; 1.5, limp tail and hindlimb weakness (unsteady gait and 
poor grip with hindlimbs); unilateral partial hindlimb 
paralysis; 2.5, bilateral hindlimb paralysis; 3, complete 
bilateral hindlimb paralysis; 3.5, complete hindlimb paraly 
sis and unilateral forelimb paralysis; 4, total paralysis of 
hindlimbs and forelimbs (Eugster et al., Eur J. Immunol 
2001, 31, 2302-2312). 
0315 Inflammation and demyelination are assessed by 
histology on sections from the CNS of EAE mice. Mice are 
sacrificed after 30 or 60 days and whole spinal cords are 
removed and placed in 0.32 M sucrose solution at 4°C. 
overnight. Tissues are prepared and sectioned. Luxol fast 
blue stain is used to observe areas of demyelination. Hae 
matoxylin and eosin staining is used to highlight areas of 
inflammation by darkly staining the nuclei of mononuclear 
cells. Immune cells stained with H&E are counted in a 
blinded manner under a light microscope. Sections are 
separated into gray and white matter and each sector is 
counted manually before being combined to give a total for 
the section. T cells are immunolabeled with anti-CD3+ 
monoclonal antibody. After washing, sections are incubated 
with goat anti-rat HRP secondary antibody. Sections are then 
washed and counterstained with methyl green. Splenocytes 
isolated from mice at 30 and 60 days post-immunization are 
treated with lysis buffer to remove red blood cells. Cells are 
then resuspended in PBS and counted. Cells at a density of 
about 3x106 cells/mL are incubated overnight with 20 
ug/mL of MOG peptide. Supernatants from stimulated cells 
are assayed for IFN-Y protein levels using an appropriate 
mouse IFN-Y immunoassay system. 

Description 3 

Use of an Animal Model to Assess Efficacy in 
Treating Inflammatory Bowel Disease 

0316. Animal models of inflammatory bowel disease are 
described by Jurius et al., J Pharmaocol Toxicol Methods 
2004, 50, 81-92; Villegas et al., Intl Immunopharmacol 
2003, 3, 1731-1741; and Murakami et al., Biochemical 
Pharmacol 2003, 66, 1253-1261. For example, the following 
protocol can be used to assess the efficacy of a compound for 
treating inflammatory bowel disease. 
0317 Female ICR mice are used. Mice are divided into 
treatment groups. Groups are given either water (control), 
5% DSS in tap water is given at the beginning of the 
experiment to induce colitis, or various concentrations of 
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test compound. After administering test compound for 1 
week, 5% DSS in tap water is also administered to the 
groups receiving test compound for 1 week. At the end of the 
experiment, all mice are killed and the large intestine is 
removed. Colonic mucosa samples are obtained and homog 
enized. Proinflammatory mediators (e.g., IL-1C., IL-1B. 
TNF-C, PGE2, and PGF2C) and protein concentrations are 
quantified. Each excised large intestine is histologically 
examined and the damage to the colon scored. 

Description 4 

Clinical Trial for Assessing Efficacy in Treating 
Asthma 

0318. Adult subjects (nonsmokers) with stable mild-to 
moderate asthma are enrolled (see, e.g., Van Schoor and 
Pauwels, Eur Respir J 2002, 19,997-1002). A randomized, 
double-blind, placebo-controlled, two-period crossover 
design is used. On screening day 1, patients undergo a 
methacholine challenge (<8 mg/mL). The baseline forced 
expiratory volume in one second (FEV1) prior to each 
subsequent challenge must be within 15% of the screening 
baseline FEV1 obtained at the first visit. A neurokinin 
challenge (1x10-6 mol/mL) on Screening day 2 is performed 
24-72 h later. Study-period one commences within 10 days 
after visit two. First, a methacholine and a neurokinin-A 
(NKA) challenge is performed on days 1 and 0, respectively. 
At visit four, test compound is administered at an appropri 
ate dose and for an appropriate period of time. On the last 
2 days of the treatment period, methacholine and NKA 
challenges are repeated. Following treatment-period one, 
there is a washout period of about 5 weeks, following which 
the patients crossed over to another medication or placebo in 
study period two, which is identical to period one. Pulmo 
nary function tests are performed using a spirometer. The 
metacholine challenge is performed by inhaling doubling 
concentrations of methacholine until the FEV1 falls 
by>20% of the postdiluent baseline FEV1 of that day as 
described by Cockcroft et al., Clin Allergy 1977, 7, 235-243. 
NKA challenge is performed by inhaling increasing concen 
trations of NKA as described by Van Schoor et al., Eur 
RespirJ 1998, 12, 17-23. The effect of a treatment on airway 
responsiveness is determined using appropriate statistical 
methods. 

Description 5 

Use of an Animal Model to Assess Efficacy in 
Treating Chronic Obstructive Pulmonary Disease 

0319. An animal model using mice chronically exposed 
to cigarette Smoke can be used for assessing efficacy in 
treating emphysema (see, e.g., Martorana et al., Am J Respir 
Crit. Care Med 2005, 172, 848-835; and Cavarra et al., Am 
J Respir Crit. Care Med 2001, 164, 88-90). Six-week old 
C57B1/6J male mice are used. In the acute study, the mice 
are exposed either to room air or to the smoke of five 
cigarettes for 20 minutes. In the chronic study, the mice are 
exposed to either room air or to the Smoke of three ciga 
rettes/day for 5 days/week for 7 months. 
0320 For the acute study, mice are divided into three 
groups of 40 animals each. These groups are then divided 
into four subgroups of 10 mice each as follows: (1) no 
treatment/air-exposed; (2) no treatment/smoke-exposed; (3) 
a first dose of test compound plus Smoke-exposed; and (4) 
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a second dose of test compound. In the first group, trolox 
equivalent antioxidant capacity is assessed at the end of the 
exposure in bronchoalveolar lavage fluid. In the second 
group, cytokines and chemokines are determined in bron 
choalveolar lavage fluid using a commercial cytokine panel 
at 4 hours; and in the third group bronchoalveolar lavage 
fluid cell count is assessed at 24 hours. 
0321 For the chronic study, five groups of animals are 
used: (1) no treatment/air-exposed; (2) a first dose of a test 
compound plus air-exposed; (3) no treatment/smoke-ex 
posed; (4) a second dose of the test compound plus Smoke 
exposed; and (5) the first dose of the test compound plus 
Smoke exposed. Seven months after chronic exposure to 
room air or cigarette Smoke, 5 to 12 animals from each group 
are killed an the lungs fixed intratracheally with formalin. 
Lung Volume is measured by water displacement. Lungs are 
stained. Assessment of emphysema includes mean linear 
intercept and internal Surface area. The Volume density of 
macrophages, marked immunohistochemically with anti 
mouse Mac-3 monoclonal antibodies is determined by point 
counting. A mouse is considered to have goblet cell meta 
plasia when at least one or more midsize bronchi/lung 
showed a positive periodic acid-Schiff staining. For the 
determination of desmosine, fresh lungs are homogenized, 
processed, and analyzed by high-pressure liquid chromatog 
raphy. 

Description 6 

Animal Models for Assessing Therapeutic Efficacy 
of Fumarates for Treating Parkinson's Disease 

MPTP Induced Neurotoxicity 
0322 MPTP, or 1-methyl-4-phenyl-1,2,3,6-tetrahydro 
pyridine is a neurotoxin that produces a Parkinsonian Syn 
drome in both man and experimental animals. Studies of the 
mechanism of MPTP neurotoxicity show that it involves the 
generation of a major metabolite, MPP+, formed by the 
activity of monoamine oxidase on MPTP Inhibitors of 
monoamine oxidase block the neurotoxicity of MPTP in 
both mice and primates. The specificity of the neurotoxic 
effects of MPP+ for dopaminergic neurons appears to be due 
to the uptake of MPP+ by the synaptic dopamine transporter. 
Blockers of this transporter prevent MPP+ neurotoxicity. 
MPP+ has been shown to be a relatively specific inhibitor of 
mitochondrial complex I activity, binding to complex I at the 
retenone binding site and impairing oxidative phosphory 
lation. In vivo studies have shown that MPTP can deplete 
striatal ATP concentrations in mice. It has been demon 
strated that MPP+ administered intrastriatally to rats pro 
duces significant depletion of ATP as well as increased 
lactate concentration confined to the striatum at the site of 
the injections. Compounds that enhance ATP production can 
protect against MPTP toxicity in mice. 
0323) A prodrug of Formula (I) is administered to ani 
mals such as mice or rats for three weeks before treatment 
with MPTP. MPTP is administered at an appropriate dose, 
dosing interval, and mode of administration for 1 week 
before sacrifice. Control groups receive either normal saline 
or MPTP hydrochloride alone. Following sacrifice the two 
striate are rapidly dissected and placed in chilled 0.1 M 
perchloric acid. Tissue is Subsequently Sonicated and ali 
quots analyzed for protein content using a fluorometer assay. 
Dopamine, 3,4-dihydroxyphenylacetic acid (DOPAC), and 
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homovanillic acid (HVA) are also quantified. Concentrations 
of dopamine and metabolites are expressed as nmol/mg 
protein. 
0324 Prodrugs of Formula (I) that protect against 
DOPAC depletion induced by MPTP, HVA, and/or dop 
amine depletion are neuroprotective and therefore can be 
useful for the treatment of Parkinson's disease. 

Haloperidol-Induced Hypolocomotion 

0325 The ability of a compound to reverse the behavioral 
depressant effects of dopamine antagonists such as haloperi 
dol, in rodents and is considered a valid method for screen 
ing drugs with potential antiparkinsonian effects (Mand 
hane, et al., Eur. J. Pharmacol 1997, 328, 135-141). Hence, 
the ability of prodrugs of Formula (I) to block haloperidol 
induced deficits in locomotor activity in mice can be used to 
assess both in Vivo and potential anti-Parkinsonian efficacy. 
0326 Mice used in the experiments are housed in a 
controlled environment and allowed to acclimatize before 
experimental use. One and one-half (1.5) hours before 
testing, mice are administered 0.2 mg/kg haloperidol, a dose 
that reduces baseline locomotor activity by at least 50%. A 
test compound is administered 5-60 min prior to testing. The 
animals are then placed individually into clean, clear poly 
carbonate cages with a flat perforated lid. Horizontal loco 
motor activity is determined by placing the cages within a 
frame containing a 3x6 array of photocells interfaced to a 
computer to tabulate beam interrupts. Mice are left undis 
turbed to explore for 1 h, and the number of beam interrup 
tions made during this period serves as an indicator of 
locomotor activity, which is compared with data for control 
animals for statistically significant differences. 

6-Hydroxydopamine Animal Model 

0327. The neurochemical deficits seen in Parkinson's 
disease can be reproduced by local injection of the dop 
aminergic neurotoxin, 6-hydroxydopamine (6-OHDA) into 
brain regions containing either the cell bodies or axonal 
fibers of the nigrostriatal neurons. By unilaterally lesioning 
the nigrostriatal pathway on only one-side of the brain, a 
behavioral asymmetry in movement inhibition is observed. 
Although unilaterally-lesioned animals are still mobile and 
capable of self maintenance, the remaining dopamine-sen 
sitive neurons on the lesioned side become SuperSensitive to 
stimulation. This is demonstrated by the observation that 
following systemic administration of dopamine agonists, 
Such as apomorphine, animals show a pronounced rotation 
in a direction contralateral to the side of lesioning. The 
ability of compounds to induce contralateral rotations in 
6-OHDA lesioned rats has been shown to be a sensitive 
model to predict drug efficacy in the treatment of Parkin 
son's disease. 

0328 Male Sprague-Dawley rats are housed in a con 
trolled environment and allowed to acclimatize before 
experimental use. Fifteen minutes prior to Surgery, animals 
are given an intraperitoneal injection of the noradrenergic 
uptake inhibitor desipramine (25 mg/kg) to prevent damage 
to nondopamine neurons. Animals are then placed in an 
anesthetic chamber and anesthetized using a mixture of 
oxygen and isoflurane. Once unconscious, the animals are 
transferred to a stereotaxic frame, where anesthesia is main 
tained through a mask. The top of the head is shaved and 
sterilized using an iodine solution. Once dry, a 2 cm long 
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incision is made along the midline of the Scalp and the skin 
refracted and clipped back to expose the skull. A small hole 
is then drilled through the skull above the injection site. In 
order to lesion the nigrostriatal pathway, the injection can 
nula is slowly lowered to position above the right medial 
forebrain bundle at 3.2 mm anterior posterior, 1.5 mm 
medial lateral from the bregma, and to a depth of 7.2 mm 
below the duramater. Two minutes after lowering the can 
nula, 6-OHDA is infused at a rate of 0.5uL/min over 4 min, 
to provide a final dose of 8 Jug. The cannula is left in place 
for an additional 5 min to facilitate diffusion before being 
slowly withdrawn. The skin is then sutured shut, the animal 
removed from the sterereotaxic frame, and returned to its 
housing. The rats are allowed to recover from Surgery for 
two weeks before behavioral testing. 
0329 Rotational behavior is measured using a rotameter 
system having stainless Steel bowls (45 cm diaxx15 cm 
high) enclosed in a transparent Plexiglas cover around the 
edge of the bowl and extending to a height of 29 cm. To 
assess rotation, rats are placed in a cloth jacket attached to 
a spring tether connected to an optical rotameter positioned 
above the bowl, which assesses movement to the left or right 
either as partial (45)or full (360°) rotations. 
0330. To reduce stress during administration of a test 
compound, rats are initially habituated to the apparatus for 
15 min on four consecutive days. On the test day, rats are 
given a test compound, e.g., a prodrug of Formula (I). 
Immediately prior to testing, animals are given a Subcuta 
neous injection of a subthreshold dose of apomorphine, and 
then placed in the harness and the number of rotations 
recorded for one hour. The total number of full contralatral 
rotations during the hour test period serves as an index of 
antiparkinsonian drug efficacy. 

Description 7 

Animal Model for Assessing Therapeutic Efficacy 
of Fumarates for Treating Alzheimer's Disease 

0331 Heterozygous transgenic mice expressing the 
Swedish AD mutant gene, hAPPK670N, M671L (Tg2576: 
Hsiao, Learning & Memory 2001, 8,301-308) are used as an 
animal model of Alzheimer's disease. Animals are housed 
under standard conditions with a 12:12 light/dark cycle and 
food and water available ad libitum. Beginning at 9 months 
of age, mice are divided into two groups. The first two 
groups of animals receive increasing doses of a fumarate, 
over six weeks. The remaining control group receives daily 
saline injections for six weeks. 
0332 Behavioral testing is performed at each drug dose 
using the same sequence over two weeks in all experimental 
groups: (1) spatial reversal learning, (2) locomotion, (3) fear 
conditioning, and (4) shock sensitivity. 
0333 Acquisition of the spatial learning paradigm and 
reversal learning are tested during the first five days of test 
compound administration using a water T-maze as described 
in Bardgett et al., Brain Res Bull 2003, 60, 131-142. Mice 
are habituated to the water T-maze during days 1-3, and task 
acquisition begins on day 4. On day 4, mice are trained to 
find the escape platform in one choice arm of the maze until 
6 to 8 correct choices are made on consecutive trails. The 
reversal learning phase is then conducted on day 5. During 
the reversal learning phase, mice are trained to find the 
escape platform in the choice arm opposite from the location 
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of the escape platform on day 4. The same performance 
criteria and inter-trial interval are used as during task acqui 
sition. 

0334 Large ambulatory movements are assessed to 
determine that the results of the spatial reversal learning 
paradigm are not influenced by the capacity for ambulation. 
After a rest period of two days, horizontal ambulatory 
movements, excluding vertical and fine motor movements, 
are assessed in a chamber equipped with a grid of motion 
sensitive detectors on day 8. The number of movements 
accompanied by simultaneous blocking and unblocking of a 
detector in the horizontal dimension are measured during a 
one-hour period. 
0335 The capacity of an animal for contextual and cued 
memory is tested using a fear conditioning paradigm begin 
ning on day 9. Testing takes place in a chamber that contains 
a piece of absorbent cotton soaked in an odor-emitting 
Solution Such as mint extract placed below the grid floor. A 
5-min, 3 trial 80 db. 2800 Hz tone-foot shock sequence is 
administered to train the animals on day 9. On day 10, 
memory for context is tested by returning each mouse to the 
chamber without exposure to the tone and foot shock, and 
recording the presence or absence of freezing behavior every 
10 seconds for 8 minutes. Freezing is defined as no move 
ment, such as ambulation, Sniffing or stereotypy, other than 
respiration. 
0336. On day 11, the response of the animal to an 
alternate context and to the auditory cue is tested. Coconut 
extract is placed in a cup and the 80 dB tone is presented, but 
no foot shock is delivered. The presence or absence of 
freezing in response to the alternate context is then deter 
mined during the first 2 minutes of the trial. The tone is then 
presented continuously for the remaining 8 minutes of the 
trial, and the presence or absence of freezing in response to 
the tone is determined. 

0337. On day 12, the animals are tested to assess their 
sensitivity to the conditioning stimulus, i.e., foot shock. 
0338. Following the last day of behavioral testing, ani 
mals are anesthetized and the brains removed, post-fixed 
overnight, and sections cut through the hippocampus. The 
sections are stained to image B-amyloid plaques. 
0339 
ods. 

Data is analyzed using appropriate statistical meth 

Description 8 

Animal Model for Assessing Therapeutic Efficacy 
of Fumarates for Treating Huntington's Disease 

Neuroprotective Effects in a Transgenic Mouse Model of 
Huntington's Disease 

(0340 Transgenic HD mice of the N171-82O strain and 
non-transgenic littermates are treated with a prodrug of 
Formula (I) or a vehicle from 10 weeks of age. The mice are 
placed on a rotating rod (“rotarod). The length of time at 
which a mouse falls from the rotarod is recorded as a 
measure of motor coordination. The total distance traveled 
by a mouse is also recorded as a measure of overall 
locomotion. Mice administered prodrugs of Formula (I) that 
are neuroprotective in the N171-82Q transgenic HD mouse 
model remain on the rotarod for a longer period of time and 
travel farther than mice administered vehicle. 

Mar. 2, 2017 

Malonate Model of Huntington's Disease 

0341. A series of reversible and irreversible inhibitors of 
enzymes involved in energy generating pathways has been 
used to generate animal models for neurodegenerative dis 
eases such as Parkinson's and Huntington's diseases. In 
particular, inhibitors of Succinate dehydrogenase, an enzyme 
that impacts cellular energy homeostasis, has been used to 
generate a model for Huntington's disease. 
0342. To evaluate the effect of fumarates of Formula (I) 
in this malonate model for Huntington's disease, a prodrug 
of Formula (I) is administered at an appropriate dose, dosing 
interval, and route, to male Sprague-Dawley rats. A prodrug 
is administered for two weeks prior to the administration of 
malonate and then for an additional week prior to sacrifice. 
Malonate is dissolved in distilled deionized water and the 
pH adjusted to 7.4 with 0.1 MHC1. Intrastriatal injections 
of 1.5 L of 3 umol malonate are made into the left striatum 
at the level of the Bregma 2.4 mm lateral to the midline and 
4.5 mm ventral to the dura. Animals are sacrificed at 7 days 
by decapitation and the brains quickly removed and placed 
in ice cold 0.9% saline solution. Brains are sectioned at 2 
mm intervals in a brain mold. Slices are then placed poste 
rior side down in 2%. 2,3,5-tiphenyltetrazolium chloride. 
Slices are stained in the dark at room temperature for 30 min 
and then removed and placed in 4% paraformaldehyde pH 
7.3. Lesions, noted by pale staining, are evaluated on the 
posterior Surface of each section. The measurements are 
validated by comparison with measurements obtained on 
adjacent Nissl stain sections. Compounds exhibiting a neu 
roprotective effect and therefore potentially useful in treat 
ing Huntington's disease show a reduction in malonate 
induced lesions. 

Description 9 

Animal Model for Assessing Therapeutic Efficacy 
of Fumarates for Treating Amyotrophic Lateral 

Sclerosis 

0343 A murine model of SOD1 mutation-associated 
ALS has been developed in which mice express the human 
Superoxide dismutase (SOD) mutation glycine-alanine at 
residue 93 (SOD1). These SOD1 mice exhibit a dominant 
gain of the adverse property of SOD, and develop motor 
neuron degeneration and dysfunction similar to that of 
human ALS. The SOD1 transgenic mice show signs of 
posterior limb weakness at about 3 months of age and die at 
4 months. Features common to human ALS include astro 
cytosis, microgliosis, oxidative stress, increased levels of 
cyclooxygenase/prostaglandin, and, as the disease pro 
gresses, profound motor neuron loss. 
0344 Studies are performed on transgenic mice overex 
pressing human Cu/Zn-SOD G93A mutations (B6SJL-TgN 
(SOD1-G93A) 1 Gur) and non-transgenic B6/SJL mice and 
their wild litter mates. Mice are housed on a 12-hr day/light 
cycle and (beginning at 45 d of age) allowed ad libitum 
access to either test compound-Supplemented chow, or, as a 
control, regular formula cold press chow processed into 
identical pellets. Genotyping can be conducted at 21 days of 
age as described in Gurney et al., Science 1994, 264(51.66), 
1772-1775. The SOD1 mice are separated into groups and 
treated with a test compound, e.g., a fumarate of Formula (I), 
or serve as controls. 
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0345 The mice are observed daily and weighed weekly. 
To assess health status mice are weighed weekly and exam 
ined for changes in lacrimation/salivation, palpebral closure, 
ear twitch and pupillary responses, whisker orienting, pos 
tural and righting reflexes and overall body condition score. 
A general pathological examination is conducted at the time 
of sacrifice. 
0346 Motor coordination performance of the animals 
can be assessed by one or more methods known to those 
skilled in the art. For example, motor coordination can be 
assessed using a neurological scoring method. In neurologi 
cal scoring, the neurological score of each limb is monitored 
and recorded according to a defined 4-point scale: 0 nor 
mal reflex on the hind limbs (animal will splay its hind limbs 
when lifted by its tail); 1—abnormal reflex of hind limbs 
(lack of splaying of hind limbs weight animal is lifted by the 
tail); 2—abnormal reflex of limbs and evidence of paralysis: 
3—lack of reflex and complete paralysis; and 4 inability to 
right when placed on the side in 30 seconds or found dead. 
The primary end point is Survival with secondary end points 
of neurological score and body weight. Neurological score 
observations and body weight are made and recorded five 
days per week. Data analysis is performed using appropriate 
statistical methods. 

0347 The rotarod test evaluates the ability of an animal 
to stay on a rotating dowel allowing evaluation of motor 
coordination and proprioceptive sensitivity. The apparatus is 
a 3 cm diameter automated rod turning at, for example, 12 
rounds per min. The rotarod test measures how long the 
mouse can maintain itself on the rod without falling. The test 
can be stopped after an arbitrary limit of 120 sec. Should the 
animal fall down before 120 sec, the performance is 
recorded and two additional trials are performed. The mean 
time of 3 trials is calculated. A motor deficit is indicated by 
a decrease of walking time. 
0348. In the grid test, mice are placed on a grid (length: 
37 cm, width: 10.5 cm, mesh size: 1x1 cm 2) situated above 
a plane Support. The number of times the mice put their paws 
through the grid is counted and serves as a measure for 
motor coordination. 
0349 The hanging test evaluates the ability of an animal 
to hang on a wire. The apparatus is a wire stretched 
horizontally 40 cm above a table. The animal is attached to 
the wire by its forepaws. The time needed by the animal to 
catch the string with its hind paws is recorded (60 sec max) 
during three consecutive trials. 
0350 Electrophysiological measurements (EMG) can 
also be used to assess motor activity condition. Electromyo 
graphic recordings are performed using an electromyogra 
phy apparatus. During EMG monitoring mice are anesthe 
tized. The measured parameters are the amplitude and the 
latency of the compound muscle action potential (CMAP). 
CMAP is measured in gastrocnemius muscle after stimula 
tion of the sciatic nerve. A reference electrode is inserted 
near the Achilles tendon and an active needle placed at the 
base of the tail. A ground needle is inserted on the lower 
back of the mice. The sciatic nerve is stimulated with a 
single 0.2 msec pulse at Supramaximal intensity (12.9 mA). 
The amplitude (mV) and the latency of the response (ms) are 
measured. The amplitude is indicative of the number of 
active motor units, while distal latency reflects motor nerve 
conduction Velocity. 
0351. The efficacy of test compounds can also be evalu 
ated using biomarker analysis. To assess the regulation of 
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protein biomarkers in SOD1 mice during the onset of motor 
impairment, samples of lumbar spinal cord (protein extracts) 
are applied to ProteinChip Arrays with varying surface 
chemical/biochemical properties and analyzed, for example, 
by Surface enhanced laser desorption ionization time of 
flight mass spectrometry. Then, using integrated protein 
mass profile analysis methods, data is used to compare 
protein expression profiles of the various treatment groups. 
Analysis can be performed using appropriate statistical 
methods. 
0352 Finally, it should be noted that there are alternative 
ways of implementing the embodiments disclosed herein. 
Accordingly, the present embodiments are to be considered 
as illustrative and not restrictive, and the claims are not to be 
limited to the details given herein, but may be modified 
within the scope and equivalents thereof. 

1. A compound according to Formula (I): 

(I) 

or a pharmaceutically acceptable salt thereof, wherein: 
each R" and R is independently chosen from hydrogen, 
C. alkyl, substituted C. alkyl, C. heteroalkyl, Sub 
stituted C. heteroalkyl, C. cycloalkyl, substituted 
C. cycloalkyl, Cal cycloalkylalkyl, Substituted 
C. cycloalkylalkyl, Co aryl, Substituted Co aryl, 
C-2 arylalkyl, and Substituted C-2 arylalkyl, or each 
R" and R together with the nitrogen to which they are 
bonded independently forms a ring chosen from a C 
heterocycloalkyl, Substituted C. heterocycloalkyl, 
Cso heteroaryl, and substituted Cso heteroaryl; and 

each X* is independently chosen from C, alkane-diyl 
and substituted C. alkane-diyl. 

wherein each Substituent group is independently chosen 
from halogen, —OH, - CN, —CF =O. —NO, 
phenyl, benzyl, -C(O)NR', R', OR', C(O) 
R", C(O)R', NR NRC(O)R’, and 
—O(O)R’, wherein each R is independently chosen 
from hydrogen and C alkyl. 

2. The compound according to claim 1, wherein each R' 
and R is independently chosen from hydrogen, methyl, 
ethyl, n-propyl, isopropyl. n-butyl, isobutyl, tert-butyl, phe 
nyl, benzyl, 2-methoxyethyl, and 2-ethoxyethyl. 

3. The compound according to claim 1, wherein each R' 
and R is independently chosen from methyl and ethyl. 

4. The compound according to claim 1, wherein each R' 
and R is ethyl. 

5. The compound according to claim 1, wherein each R' 
and R together with the nitrogen to which they are bonded 
independently forms a ring chosen from morpholin-4-yl, 
piperazinyl. N-Substituted piperazinyl, and piperidyl. 

6. The compound according to claim 1, wherein each R' 
and R together with the nitrogen to which they are bonded 
independently forms a ring chosen from morpholin-4-yl. 

7. The compound according to claim 1, wherein each X' 
is independently chosen from methane-diyl, ethane-1,1-diyl. 
ethane-1,2-diyl 2-phenylethane-1,2-diyl, propane-1,2-diyl. 
propane-1,3-diyl, 2-methylpropane-1,1-diyl, 2-methylpro 
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pane-1,2-diyl. 2,2-dimethylpropane-1,3-diyl, butane-1,2- 
diyl, butane-1,3-diyl, butane-1,4-diyl, butane-2,3-diyl. 2,3- 
dimethylbutane-2,3-diyl. 3-methyl-butane-1,2-diyl. 
pentane-1,5-diyl, and hexane-1,6-diyl. 

8. The compound according to claim 1, wherein each X' 
is independently chosen from methane-diyl, ethane-1,2-diyl. 
2-phenylethane-1,2-diyl, propane-1,2-diyl, propane-1,3- 
diyl, substituted methane-diyl, substituted ethane-1,2-diyl. 
and Substituted propane-1,3-diyl. 

9. The compound according to claim 1, wherein each X' 
is independently chosen from methane-diyl and 2-methyl 
propane-1,2-diyl. 

10. The compound according to claim 1, wherein each R' 
and R is independently chosen from hydrogen, methyl, 
ethyl, n-propyl, isopropyl. n-butyl, isobutyl, tert-butyl, phe 
nyl, benzyl, 2-methoxyethyl, and 2-ethoxyethyl; and each 
X' is independently chosen from methane-diyl; ethane-1,2- 
diyl 2-phenylethane-1,2-diyl, propane-1,2-diyl, propane-1, 
3-diyl, and 2-methylpropane-1,2-diyl. 

11. The compound according to claim 1, wherein each R' 
and R is methyl; and each X* is methane-diyl. 

12. The compound according to claim 1, wherein each R' 
and R is ethyl; and each X* is methane-diyl. 

13. The compound according to claim 1, wherein each R' 
and R together with the nitrogen to which they are bonded 
forms a ring chosen from morpholin-4-yl; and each X* is 
methane-diyl. 

14. The compound according to claim 1, wherein the 
compound is chosen from the compounds of Formula (I-A- 
8), Formula (I-A-9), and Formula (I-A-14): 

O O O 

-----N--- 
O O O 

(I-A-9) 

N O O O 

N-----N--> , and 
O O O N 

(I-A-8) 
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-continued 

(I-A-14) 

C --> ~. O N 

O O O C. 

15. A pharmaceutical composition comprising a pharma 
ceutically acceptable vehicle and a therapeutically effective 
amount of a compound selected from the compounds listed 
in claim 14. 

16. The pharmaceutical composition according to claim 
15, wherein the composition is suitable for oral administra 
tion. 

17. The pharmaceutical composition according to claim 
15, wherein the compound is present in an amount that is 
effective for the treatment of a disease chosen from a 
neurodegenerative disease, an inflammatory disease, and an 
autoimmune disease. 

18. The pharmaceutical composition according to claim 
15, wherein the compound is present in an amount that is 
effective for the treatment of a disease chosen from multiple 
sclerosis, psoriasis, irritable bowel disorder, ulcerative coli 
tis, arthritis, chronic obstructive pulmonary disease, asthma, 
Parkinson's disease, Huntington's disease, and amyotrophic 
lateral Sclerosis. 

19. The pharmaceutical composition according to claim 
15, wherein the composition is suitable for sustained release 
formulation or controlled release formulation. 

20. The pharmaceutical composition according to claim 
15, comprising a second therapeutic agent selected from a 
non-steroidal anti-inflammatory agent, an antihistamine, a 
selective serotonin reuptake inhibitor (SSRI), a norepineph 
rine, serotonin reuptake inhibitor (NSRI), a salicylate, and a 
cox-2inhibitor. 


